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Preface

This report. presents a code that calculates the neutron

and gamma fluenes (or doses) that resi.t from a nuclear

weapon explosion between 7 and 100 kilc-"eters altitude in an

exponential atmosphere. The code also determines if air-

craft located in the vicinity survive the neutron and gamma

effects. The code is listed in Appendix B and the instruc-

tions for using the code are in Chapter III.

The purpose of developing this code was to provide a

subroutine for gamma and neutron effects to a general nuclear

"effects survivability/vulnerability code. I was successful

in developing such a code; however, the time required to

run it does limit its applications. The time required is about

20 minutes central processor time and an hour of input/output

time.

Many pu•nle, in the course of my efforts to complete

this code, provided assistance. These people were from the

Air Force Weapons Laboratory (AFiWL), Oak Ridge National

Laboratory, and the Air Force Institute of Technology (AFIT).

To all of you I offer my thanks. I would like to single out

a few for special thanks, because without their help, I could

not have completed this task. First is 1r. Harry Murphy of

AFWL for his talks with me on the code, SMAUG. I borrowed

heavily from this code to develop mine. Mr. Robert Roussin

of the Radiation Shielding Information (enter of Oak Ridge

furnished the cross section data I used in the code. Next
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are two members of the AFIT Mathematics Department, Major

John Jones and Dr. Wilhelm Ericksen. Major Jones and I spent

considerable time investigating method:; of directly solving

sparse matrix equations. Dr. Ericksen provided the basis

for the nonorthogonal coordinate system I used. Dr. Donn

Shankland of the AFIT Physics Department provided firther

assistance on this coordinate system and removed the last

problem area standing in the way of success. I can not, of

course, forget my advisor, Dr. Charles Bridgman of the AFIT

Physics Department. I hope this report demonstrates that

his encouragement and faith in me has been rewarded.

I would also like to thank Mrs. Marge flockemeier, wife

of my classmate John, for typing much of my draft. Finally,

I would like to express my appreciation to my wife Bonnie

for putting up with me during this hectic period.

L
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Abstract

This report presents a code, developed by the author,

that predicts n'ýutron and gamma fluence6 (or doses), including

neutron induced gammas, in an exponential atmosphere for

burst altitudes between 7 and 100 kilometers. The problem

was solved by using the diffusion equation, with separation

of virgin and scattered particles, in a ionorthogonal coordi-

nate system. The diffusion equation in this coordinate

system was approximated by a nine point difference equation

and the resulting matrix equation was solved by use of a

block tri-diagonal algorithm. The resulting computer code,

in FORTRAN Extended, was written to calculate the surviva-

bility of up to 100 aircraft or space vehicles in addition

to the calculation of fluences (doses). The code requires

20 minutes of central processor time and one hour of

input/output time on the Wright-Patterson Air Force Base

rDC 6600 computer. The results of this code for a burst at

25 km are compared to those obtained from a constant density

atmospheric model and from charts based on SMAUG which

employs mass integral scaling. Significant differences are

noted for the case where the burst and receiver are at the

same altitude, which casts some doubt on the validity of

mass integral scaling at this altitude.

viii
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A CODE FOR AIRCRAFT SURVIVABILITY

ANALYSIS - GAMMA AND NEUTROK EFFECTS

I. Introduction

Numerous attempts have been made to determine the

radiation field, neutrons and gammas, from nuclear weapons.

Straker, in a report titled Status of Neutron Transport

in The Atmosphere (Ref S) has listed these attempts. lie

lists a total of 35 attempts of which 21 were based on a

constant density, (no variations with alzitude, no ground,

no clouds) infinite air model. Five attempts were based on

an exponential variation in air deiisity and nine were con-

cerned only with the air/ground interface. The method of

solution for 26 of the 3S attempts was Monte Carlo computer

codes. All of the exponential air models were solved by

Monte Carlo codes. Monte Carlo codes normally require hours

of computer run time and are therefore relatively expensive

calculations.

Recently, two high speed computer codes have be-en

developed to estimate the neutron and gamma radiation dose

in the vicinity of an atmospheric nuclear detonation by

interpolation of a library of precalculated results. These

precalculated results include some of those listed by

Straker and others by the code authors. Both codes were

presented at the Radiation Transport in Air seminar held

at Oak Ridge National Laboratory on 1-17 November 1971.

One code, ATR (Ref 10), was developed by Science Applications,



1:1.,:. The :rInal documentation of this code, however, has

R •,!t bee.n made available to the Radiation Shielding

[•1:o:'matiou. Center (RSIC) of Oak Ridge National Laboratory.

T',rii other c::ode, SHAUG (Ref 4), was dev--loped by Murphy of

til! A:ir Forvce Weapons Laboratory (AFWL), Kirtland Air Force

3;i.e, New Mexico. SHAUG calculates neutron and secondary

,g.amma fluences through a series of equations that were curve

f:itted to the data of Straker and Gritzrter (Ref 6). The

,:;alculation of primary gamma fluences is done through a

series of equations that were curve fitted to the data of

Bigoni (Ref 4:4). Both datm sources were generated using

a hor.ogeneous constant - density, infinite air model.

both SMAUG and ATR require only seconds of computer

t:ime (on a CDC 6600) and thus both offer inexpensive air

transport calculations. However they both rely on a library

of homogeneous air calculations which are modified by mass

integral scaling to account for the true exponential varia-

tion of the air. This approach is probably valid only to

burst altitudes of 20-2S km. The code ATR accounts for the

air-ground interface by the first-last collision approxima-

tion (Ref 9).

Similar inexpensive calculations are needed for burst

altitudes of 25 km and above, particularly for ABM war gaming

and reentry vehicle survivability calculations. Such a

* technique is reported here. The author has sacrificed the

accuracy of Monte Carlo and higher order Boltzmann equation

solutions as used in the 3S previous attempts reported by

2



Stra:ctr in favor of the Diffusion (P-1) approximation of the

Bi:Pi1:ziann E~quation. However some of the usual weaknesses of

thLs; e.ppro):imation (diffusion) are avoided by a mathematical

sevparitiLon of scattered and unscattered radiation. The

latil:r iLs c:alculated rigorously and the diffusion approxima-

t:i.Dn Is used only for the scattered radiation. The exponen-

tl.al iariation of the atmosphere is treated with a unique

coord!.naate system developed here by the nuthor which also

would permit the inclusion of layered clouds. This last

f£eatuTe is not included in the code and sample calculations

p:resented here.

The resulting code is designed to operate as a sub-

routine of' a nuclear survivability code being simultaneously

developed at AFIT by DeRaad (Ref 2). As such, the input

includes the spatial position of up to 100 target vehicles

and their vulnerabilities to neutrons and gammas. The code

compares the radiation field at each vehicle location to

the vulnerability level for a survivability determination.

Additionally the code will output iso-fluence lines for

neutrons and gammas including neutron-induced gammas.

While the code does treat the exponential air exactly,

the goal of an inexpensive calculation was not realized.

A calculation requires 20 minutes of central processor (CP)

time and 60 minutes of input-output time on the Wright-

Patterson Air Force Base CDC 6600 computer. While this is

less than a Monte Carlo calculation it is still excessive

for repe&.ted runs. (Perhaps $400 per run). However the

3



-tiuL t!; (to offer an interesting test of the mass integral

.c-:•.•ig Lpproximation against a true exponential atmosphere

4 p,! •,cov.de some insight to the radiation fields from high

.a.1it:•,de bursts.

'the mathematical development of the code is presented

lin. Chapter II. The use of the code is illustrated with a

i.upli problem in Chapter II. This chapter also serves as

.i. -:omplete users guide to the code. Chapter IV discusses

-the results obtained from this sample problem. Conclusions

are drawn on the validity of these results and the success-

fulness of the code in Chapter V. Recommendations are also

given in Chapter V. The code is presented in Appendix B.

4

4
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I1. Mathematical Development

The develcpment of this computer code required a

numerical approximation of the diffusion equation. The

numerical approximation depends upon the atmospheric model

selected and the coordinate system used. Therefore, the

atmospheric model selected is discussed first. Next, the

diffusion equatiou is presented with a d•iscussion of the

coordinate system selected. The actual numerical approxima-

tion used. is then developed. This is followed by a discussion

of the meshing, source terms, boundary conditions, and cross

sections used. Finally, the actual method of solution is

presented.

The Atmospheric Model

The atmospheric model chosen is based on four assump-

tions. The first assumption is that the composition of the

atmosphere is 21% oxygen and 79% nitrogen. The second

assumption is that the total particle density varies exponen-

tially according to the relation

0 = p0 eZl (1)

where

p = particle density at altitude z (particles/cm$)

PO a particle density at sea level (particle/cm )

Z a altitude (ki)

H a atmospheric scale height (kn)

S
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In order to evaluate the constants ° and H, this equation

was changed to linear form by taking "he natural logarithm

of both sides to get

tnp =4-/11 + 2np 0  (2)

A curve fit was established using the values of particle

densities from the U. S. Standard Atmosrhere, 1962 (Ref 7:

2-19) for altitudes of 0 to 100 km. The scale height H was

determined to be 7.0239 km and p 0 was determined to be

3.66~ 19 3
3.066 x 10 particles/cm

The third and fourth assumptions are that no atmosphere

exists above 100 km, and that the earth is flat throughout

the region of interest.

The Diffusion Equation

The multigroup, time independent diffusion equation for

any energy group g is

SV'DgT)VFg(-r) - Z(-r)F(-r) + Sg(•) = 0 (3)
R

where

Dg(r)= group diffusion coefficient (cm) as a

function of spacial position r

SFg(-)= group neutron (or gamma) fluence (particles/

2
cm ) as a function of spacial position r

Eg = group macroscopic removal cross-section
R

(cm-) as a function of spacial position r

Sg = group neutron (or gamma) source (particles/

3
cm ) as a function of spacial position r

6
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The Diffusion Eauation in a Cylindrical Coordinate

System. If the diffusion equation is e.cpressed in a

symmetric cylindrical (r,Z) coordinate ;ystem, Eq (3) can

be written as a partial differential equation in r and Z

(Ref 8:6). The equation is

S2 Fg(r,Z) FDgZ) g, 9Dg(Z) 3Fg(r,Z)D M÷ +
av2 r 9r 3Z 3Z

r a2Fg(rZ)

+ Dg(Z) E2, - XZ)Fg(rZ) -Sg~rZ) (4)
az 2 R

When this equation is approximated by a difference equation,

the spacing between adjacent radial points can vary; but,

this radial spacing, oi,-e fixed, can not vary with altitude.

In order that an accurate deternination of fluence can be

made, the radial spacing should hare at least two or three

mesh points per neutron (or gamma) tiean free path. The

horizontal mean free path, however, is dependenz on the

altitude. The exact dependence can be derived from the

following:

Let us combine

Eg(z)= p(Z)og )

where

Eg(Z)= group macroscopic cross section (cm-1)

at altitude Z

7
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3
p(Z) = particle density (particles/cm ) at

altitude Z

0 -2
o° = group microscopic cross section (cm )

with Eq (1) to obtain

//j Xý-(z) = C(=~ ( 6)

where

Zg(z=o) =group macroscopic cross section (cm-1

at sea level

The horizontal mean free path is dependent on the macroscopic

total cross section and is given by the relation

g= IlZg (7)
t

where

Xg = group mean free path (cm)

Eg = group macrosccpic total cross section (cm-)
t

The dependence on altitude Z can be shown by combining

Eqs (7) and (6) to get

Xg e (8)
Eg(z=o)
t

Equation (8) clearly illustrates that the horizontal mean

free path increases exponentially with altitude. The

required radial slacing is therefore controlled by the

lowest altitude of interest. This requirement, however,
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means that the radial spacing at the highest altitude of

interest will be a very small fraction of a mean free path.

Since a cifference equation is written for each radial

point on each altitude line, the number of points should be

a minimum. However, at the higher altitudes, more radial

points exist than required for a sufficiently accurate

solution. This observation implies that another coordinate

system may be advantageous. Since the solution requires

about three points per mean free path, one coordinate

logically should be mean free path.

A Non-Orthogonal Coordinate System. The author there-

fore proposes the following coordinate transforms:

3
1  1leX 2)

y fxe Cos 0)

3
2 1le X2
y = fix e sin x2  (10)

33
y =He (1

* where

1 h coordinate in the Cartesian ciordinate

system

V the y coordinate in the Cartesian coordinate

* system

3
y =the z coordinate in the Cartesian coordinate

system
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H = the scale heighu of the atmosphere.
Sx1

x = the first new coordinate
2

X = the second new coordinate

3
x = the third new coordinate

1 2 3
x , x2 , and x are defined to be

I N
X = (12)

H1 (Z=O)

2

x2 = 0 (13)

x = Zn(Z/H) (14)

where

N = the radial distance in mean free ?aths from
3

the x axis
3

0 = the transverse angle about the x axis

The diffusion equation now becomes

VDxl2 3 1 2 3 2  3 (1 2 3
,) ,XFX , - ,xR (X x ,x ,x X

+ S(x 1 2,x ) 3 0

in this new coordinate system. In tensor notation, the first

term of Eq (15) can be written

13 a3 KP 3F
V.DVF = I K D I g (16)

ij K=l ax(/E P~l g ax~F(6

10
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where

KPg are the contravariant met;-ic tensors

g is the determinant formed by g the metric

tensors

> 'Therefore, bnth the metric and the centravariant metric

tensors need to he determined to evaluate Eq (16).

The metric tensor is defined as

3 3 C"
Ay a 6 (7gKP = =I xK p (17

S~where

6 = the Kronecker delta

When Eq (17) is solved, the following nine metric tensor

components are obtained:I 3
-• = 2 2ex

-=g H e (18)

12= 0 (19

3
'•3 x

"2 1 x 2ex
913 H x e e (20)

21= 0 (21)

3S2 1 2 2e x

922= If (x e (22)

1*
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g23 0 (23)

31 e e 2e X (24)

9g32 0 (25)

S~3

933 H2 e2x 3  +x1 2 2e eX (6
g 3 3 = He~ [1 +(x1) ] (2b)

Therefore, g is

9 g 91 g 12  g 1 3  6 1 2 2x3 4ex3 (27)

g g 2 1  g 2 2  g 2 3  e e e2e

g 3 1  g3 2  g 3 3

KP
The contravariant metric tensor g is defined as

g P= KP (28)

where

GKP = the cofactor of the element gKP in the

determinant of Eq (27)

When Eq (28) is solved, the following nine contravariant

metric components are obtained:

3
12 2eX

= 1 + (x ) e (29)

H2 2 ex

12
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g12 o (30)

13 -x_'
g = 3(31)

H e

21g =0 (32)

22 ____

22 3 (33)
Hg 2 (x1) 2 f.ý7,-

" ~233 0 (34)

31 -x 1
S= 3 (35)

He32
g = o (36)

33 1

e = 2x3  (37)

If we assume fluence is symmetric with respect to x and
KP

expand Eq (16), 'Llminating the zero values of g , Eq (16)

becomes

V.DVF = -1 a / D (gll 1f_ + g1 3

Sa3 rD31 I + g -33 3F
ax ax (38

13
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In order to evaluate this expression, the functional depend-

ence of D, the diffusion coefficient, must be determined.

The diffusion constant is defined as

D (39)D 3 TR(Z)

where

ETR(Z) the macroscopic transort cross section

(c")at altitude Z

The transport cross section is defined as ETR = t - •ZS

where p is the average cosine of the angle of anisotropic

scatter and ZS is the macroscopic scatter cross section.

Therefore, combining Eq (6) and Eq (39), D becomes

Z/H
e 

0e /

D = 3 ETR(Z=O) D 0 (40)

where

Do = the diffusion coefficient (cm) at sea level

When Eq (11), the Z coordinate transform equation, is

used on Eq (40), D becomes a function only of x3 and is

given by

3x
D D ee (41)

If the expressions for D, g, g g , g , and g 33

are substituted into Eq (38) and the indicated partial

derivatives evaluated, Eq (38) becomes

A. 14
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D eeX e2x33 aF (eX ) 2F
V-DVF ex - 1 2

H2e2x' I 2ex ax a(x)
•~ xe

3 ~3

li \xe2x 3  1)22x 3 2ex F

2 ___F e +.(x e e 2ea_
-2xe 1 3 1 2(x)ax 5 xI 2e x x

e

2 - F__ (42)
- i

Once Eq (42) is substituted into the diffusion equation,

Eq (15), the diffusion equation becomes

De

ex -3 •2

D 0e 2x3 F 3 9F lx Fe 2-F + (ex 3 2x e 1) 3

H2e2x 1 2ex3 axI ax

2x ( 2 2x 2ex 2 2F+ (x1)e e ____2Fa

+3 3(xI)2 3(x )

2ex
e

3
x

- ZR(Z=O)e F S = 0 (43)

Equation (43), when simplified, becomes

15
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1 -F e - 1 3F 2x a2_F1 3 332x ax e x axax
xe 2ex ax e ex e

3
12+ (xl)2e x 2 F 1 92F

3 12 2x 3  3)2

2eX 3(x e 2 (x )

f3%

H ~ 2 H2

SD RCZ=O)F = H- S (44)
D 0 eex3

Doee

The Difference Form of the Diffusion Equation

In order to express Eq (44) in difference form, the

1 3
dependent variables F9 and Sg at any point (x., x.) are

defined as

x1 ) = Fg (45)
1 3g1x i,j

x3) = SF (46)1g xi i,j

The partial derivatives of Eq (44) can be expressed in

difference form by the use of a central difference operator.

The partial derivatives are therefore

F . FF -
1 = +1j I-l'j (47)

ax- 2Ax1

16
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j + x (48)
ax-, 2Ax-)

32Fg Fg _2Fg F9
113 i1+ 1j i-~ (49)1 2

3(x 2 (Axl) 2

a 2Fg -ý - 2FFg + F..I I , .j + l 1 , i J - 1 ( •

3(x3)2 (Ax )2

•2Fg Fg - Fg - Fg g
1 i+lj+l i+lj-1 1  i-1,j+l +- F. j1

ax ax 4AxlAx

The difference equation is then derived by substituting

equations (45) through (51) into Eq (44) to get

x g + (3

1 x Fg + x1 F1

3 2x 3  i,j-1 3 x3 i+l,j2
2Ax e 2)ex Ax e

+X3) + 1 2 i+,-
2Ax 2Ax x( + 1i 1 -I

[]2 e2 1 1 2ex)

•\(Axl) e - 2Ax x e

1 2 2(xl 2  2 2 =S" + 1 ? + F+

4 1 2 e2x 3  (Ax)12 (Lx 3 ) 2 2x. 1)0 ij

(Ax) e17.1
17
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IA x
+ + (9X3 2xx 3

(L Ax 2 2e ,Ix 
1x 2x

xe 2 - ( 52

ij+l 3 i x 22i1 3 x5)1 2

2e 2Axee ge e

D e

D0e

The fluence coefficients of Eq (52) are defined as

G. = (53)

2Ax Ax ex

113 1(54)
(Ax3 ) 2 2e 3 x 3 2x e

2e 2Ax e 2Axe

= 1 + ()2 1 (56)

- 1 (1s2

) (Lx 3  2 2x- (
(Ax1 2 )2e 2Ae 0

. + (57)
L 12 x2 2c 1 1 2cx(xe 2Axlx
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1 + 1 - 1

A 3 2 2x 3  3 2x 2xS'(Ax) e 2Axe 2Axe

4 - When Eqs (53) through (58) are substituted into Eq (52),

the difference equation finally becomes

-G. -F - + + G + . .:L,3i-1 ij i+1,j-I i,j i-l

-C. .FF + B. F- + G Fg + A.F1,3 1,3 1,3 1,,j i~ ij+l 3 1,j+l

H2S

-G. ,Fg _ 1'J (59)"1,3 i+lj+l 3

0
Mesh; Source, Boundary Conditions, and Cross Sections

In order to completely prepare Eq (59) for use in a

computer four factors must be defined. First the mesh area
3

and mesh interval (that is, the range of x1 and x and the

values of Ax 1 and Ax 3) must be determined. Second, the

source term Sg must be defined. Third, boundary condi-

tions around the edge of the mesh must be defined. Fourth,

the cross section used must be defined.
1

The Mesh Area and Mesh Interval. The x coordinate is

a function of the sea level mean free path of some energy

group of gammas or neutrons. This can be shown by combining

equations (12) and (7) to get

1 =NX(z=o) (60)
H

19



GUE/Pli/72-8

where

X g(z=o) the sea level horizontal mean free

of gammas or neutrons of an energy

group g.

The minimum value of x is zero (the x axis).

Rigorously, the maximum value of x should be infinite

because the neutrons and gammas are transported to great

Sheights or radial distances. However, because a finite

number of mesh points must be defined for a computer solu-

tion, these boundaries must be defined as a finite (and

large) number of mean free paths, N, and the fluence at

these boundaries will be forced to zero. In order to

* determine the effect of this approximation, the author wro:

a homogeneous air, constant density, one energy group code

in which the boundary was first taken as 10 mean free paths

and then as 25 mean free paths. The fluences were identical

up to seven mean free paths from the burst. Between seven

and nine mean free paths only the third significant figure

of the fluences were different. Only in the tenth mean

free path order of magnitude differences appeared. Therefore
1

the maximum value of x was chosen to correspond to ten mean

free paths.

The value of Xg, the mean free path, could be selected

from any energy group. However, in order to obtain reasonable

accuracy the maximum mean free patih was chosen.

2
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Ideally, the mesh interval should be chosen such that

the shortest mean free pat"A has at least three mesh points.

This requires, in the 40 group structure used, about 600

total mesh points over the x axis. This number of points

was impractical to use on the computer available. Therefore,

40 points were selected for the sample run of Chapter III.

(However, the program was constructed so that up to 60 points

could be used.) The description of the MESH subroutine in

Appendix B describes how this option may be used.
S~3

The determination of the range of x was also based on

a maximum range of ten mean free paths from the burst. In
S~3

this case the maximum value of x would be equivalent to

ten mean paths up from the burst and the minimum value would

be equivalent to ten mean free paths down from the burst.

The energy group with the longest mean free path was also
S~3

chosen to evaluate the range of x3 . However, a simple

relationship between x and mean free path such as Eq (60)

does not exist since the air density is changing over the

path traveled by the neutron or gamma. A relationship can

be derived between altitude Z and mean free path based on

the assumption of the exponential variation in air density

with height.

This relationship is based upon the definition of

macroscopic cross section given in Eq (5):

E t(Z) = P(Z)aT (5)
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If this equation is integrated over the average mean free

path at any altitude Z to an altitude Z + X

j tZZ = f OrdZ' (61)

the following series of relationships can be obtained.

On the left hand side of Eq (60) we extract the a"Jerage

value of Xt over one mean free path ( (<Z) ) and on the right

hand side replace p by its definition in Eq (1) to get

Z+X Z+X
1 fz 2 fz a TPOe -Z/ (62)

But the integral on the left hand side is A and the expression

p or on the right hand side is E (Z=O), a constant. Therefore
0OT t

<(zt A = (t{Z=O) e Z/HdZ' (63)

Carrying out the integration on the right side and using

the definition of mean free path as the reciprocal of macro-

scopic total cross section, Eq (63) becomes

1-Z/1 i - e-A/H 1  (64)

I = (Z(O=OZ/H
But, Et(Z=O)e is E (Z). Therefore

t I
-A/i]

1 = E [1 - e (65)

Solving Eq (65) for X

22
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itt-A = -H n Il--t (66)

Therefore, this is the relationship between 1 and Z (since

Z is a function of Z) for the average rean free path up

t

fron any altitude A.

In a similar manner, the relationship between X and Z

for the average nean free path down fron any altitude Z can

be found to be

A = H n +- (67)

Equations (66) and (67) were used to find the upper and

lower values of altitude equivalent to ten mean free paths

in either direction. The minimum and maximum values of x

were then obtained from its definition of

x Ln(Z/1J) (14)

3
The minimum value of x , however, has an additional

constraint. Z can not be equal to or less than zero. This

constraint in turn causes a lower limit of seven kilometers

for the burst height in order to keep a ten mean free path

lower boundary without intersecting the flat earth. The

adcption of an upper limit of 100 km for the model atmosphere

3
places a restriction upon the upper value of x to 100 km.

S ' 1
As in the case for the x mesh interval, the mesh

* •interval should be selected such that the shortest mean free

path has at least three mesh points. This requires, in the

23
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40 group structure used, about 1200 total mesh points over

the x- axis. Again to lizit the number of mesh points in

the x3 direction, 70 points were selected for the sanple

run of Chapter IIi. (The program, houever, was constructed
S~3

to allow up to 120 points in the x direction.) The

description of the MESH subroutine in Appendix B describes

how this option may be used.

Definition of the Source Tern. The diffusion equation

implicitly assumes a linear variation in the cosine of the

directional angle of the diffusing particles. This follows

because the diffusion equation results from a Legendre

expansion in direction of the more rigorous Boltzmann

equation which retains only the first two terms. Near the

source the virgin particles make up the largest fraction of

the total fluence and are nearly monodirectional in the out-

bound direction. Thus diffusion theory is weakest close to

the source which is the region of highest interest. This

dilemma can be avoided by defining the fluence at any point

to have two components.

The first component at any point consists of the virgin

(unscattered) particles from the burst. The second component

consists of the scattered particles. This second component

at any point therefore contains those particles scattered

down from a higher energy group or from virgin scatter which

entered the energy group at some other point and have not

yet downscattered to a lower energy group.
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The virgin particles are solved rigorously while the

diffusion equation is used to describe only the scattered

particles. The source tern in this diffusion equation

consists of those particles scattering out of the virgin

groups at that point plus those particles downscattering

from higher energy scattered groups. The source term can

therefore be expressed as

a- g-1
S1 =,3 F1g + Y9 F9. (68)',j g9= S v v ij g t=l :L .,3

where

= the source term for group g at spacial

point ij (particles/cm
3 )

Eg = the macroscopic scatter cross section for
SV -1)

virgin group g' (cm

Sg = the virgin fluence in group g' at spacial
V.
I2

location ij (particles/cm )

,g = the macroscopic scatter cross section forS
-1

scattered group g' (cm )

W.j = the scattered fluence in group g' at

spacial location i,j (particles/cm )

However, in order to evaluate Eq (68), the virgin

fluence for any point i,j must be determined. The virgin

fluence at any point is

Se e R

v. =0 2  (69)
S,~j 4 R2
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where

S -= the total number of particles in group g
0

emitted from the nuclear weapon.

R = the distance from the burst point to the

point i,j

S.Z• = the average m'-croscopic total cross section

of the particle over the distance

The value of <E t> can be found by integrating the

point value of Et (which is dependen-; upon the altitude Z)

over the path length R. So

R

fo Et dR' = <Et> R (70)

However, since Et is a function of altitude the left

side should be expressed in terms of Z. Figure 1 illustrates

the geometry.

HOB

dR

AZ R

Point i,j

Fig. 1. Sample Geometry Relating Variables Needed in
Calculation of Average Cross Section. (Note: HOB is
Height of Burst.)
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From Fig. 1 the following relationship is obvious:

dR = csc OdZ (71)

-• Therefore, from Eqs (71), (70), and (6)

<EIt> R Z t(Z=O) csc fHOBe-Z'/H dZ (72)

Once this inte,-- tion is performed, Eq (72) becomes

<Et> R = HZ (Z=0) csc O[e - e -HOB/H (73)

and also

R
csc0= - (74)

. Therefore, from Eqs (69), (73), and (74),the virgin

fluence at any point is given by

SHE R -Z/H -HOB/H

S-9. H~t(Z=0) •-• [e" - (75
Fg - e tAz(75)

vi,j 4irR

Using Eqs (75), (68), and (59), a difference equation

can be written for any interior point i,j in the meshed area

defined by the ranges of x1 and x and by the intervals Ax1

and Ax 3. However, since Eq (59) is a nine-point difference

equation involving fluences at points such as i-l, j-l,

boundary conditions must be defined.

Boundary Conditions. The first boundary condition that
3

must be defined is for the points on the x axis, that is,
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S1.

when x is zero. Two problems appear if the difference

* equation (59) is used. This first problem is that tht

coefficients B. . and B. contain the term 1x which is
123 1.-J

infinite at x equal to zero. The second problem is that at

x equal to zero, i is equal to one, and in the nine point

difference equation three i - 1 (i = 0) terms appear.

The second problem is easily treated since, in the

development of the diffusion equation in the x , x , x

coordinate system, symmetry of fluence with respect to the

x coordinate (the transverse angle) was assumed. Therefore

0Ij 2,j (76)

-The first problem requires a special development of the

* •difference equation. This requirement exists since the
diffusion equation in the x1 , x , x coordinate system,

* Eq (44), contained the term

1 3
3 1

1 2 ex •x
xe

Equation (76) is equivalent to stating

F. =0 (77)

x1 0

1
"* The term, therefore, at x = 0 becomes 0/0 which is undefined.

dowever, the use of L'Hospital's rule on this term results in
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Lim Flax1 - Lim 2Fl•(x 1 ) (78)ii x -'0 1 2e x 1 O- 2e
x e e

Therefore, using the substitution indicated in Eq (78)

into Eq (44), forming a new difference equation, and using

the definition of Eq (76), the following special form of

the difference equation for i = 1 is obtained:

H 2S.i' 9

AF lj-1 - CFIj + BF2,j + AF 1,+ (79)

D ee

where

- 1 1 1

2x 3 + 2 (80)

(Ax)e 2Ax3ex 2Ax3 e2x

4 2 H 2ZR(Z=0)

(Ax1)2e 2ex (Ax3)2e 2x0 
D 0

B4 -(82)
3

(Ax 1 2 e 

82ex

A = 1 1 I___1
3A3 (83)

(Ax)2 e2x3 3 x 3 2x3
e 2Ax e 2Ax e

The second boundary that must be defined is when x is

a minimum (the lower boundary of the mesh). This lower

boundary was chosen far enough away from the bu.:st (10 mean
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free paths of the group with the longest mean free path) so

that the value of fluence is at least seven or eight orders

of magnitude lower than the fluences exi.sting around the

burst. Therefore, along this boundary, fluence is assumed

to be zero. Reviewing Eq (53) through (59) this condition

implies that the coefficients of the F F. and

F. terms must be zero when j =1.
i+lj-l

The third boundary that must be defined is when x is

a maximum (the outer boundary of the mesh). This boundary

was also chosen so that the fluences existing at this

boundary were low compared to those around the burst.

Therefore, along this boundary, fluences are assumed to be

zero. This condition implies that the coefficients in

Eq (59) of the F.i+lil, Fi+1 j, and Fi+I j+l terms must be

zero when x is a maximum.

The final boundary condition that must be defined is

when x is a maximum (the upper boundary of the mesh). Two

possible conditions can exist. First, this upper boundary

is less than 100 km and second, this upper boundary is

100 km. If the first condition exists, the upper boundary

is ten mean free paths, of the group with the longest mean

free path, away from the burst. Therefore, by the same logic

of the preceding two paragraphs, fluence along this boundary

is zero and the coefficients of the Fi. 1 +,• F i +i, and

F i+l,j+1 terms of Eq (59) must be zero.

The second condition occurs when, in the calculation

for the upper boundary, altitudes of greater than 100 km are
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obtained. In this case, the upper boundary is set to 100 km.

Therefore, the fluences at this boundary may not be very

much lower than about the burst and assuming zero fluences

for this boundary would be invalid. How.ever, since a vacuum

is assumed to exist above 100 km, a valid boundary condition

is that the return current is zero. Or using Fick's Law it

can be stated as

J 4 + 2 0 (84)

A where

J = return current (particles/cm2

D = diffusion coefficient (cm) at 100 km
z2

F = fluence (particles/cm )

This equation can be differenced using a central

difference operator and solved for F i,j+ to get

3
Ax F.

= F - P (85)iI~ ij-I x
D ee

~Doee
0

When this is substituted into Eq (59) the following

special form of the difference equation is obtained:

H2 S~H2S

AF + BF + CF + BF - - i (86)ij-l i-l,j i+l,j x3
3e

N3



where

2
A 32 2x 3  (87)

(Ax e

I"X x ( ).

12e 2AxI 1 2 ex

I
x (88)

•, 3 x3

2DoAx l e

2 (2 H2 E R (Z=O)

1 2 A x 2() 0
(Axl)2e 2(Ax) e

3 + (89)
DA3 2x 3 e2ex 2x 3 e33x

D Axe e 2Doe 2Doe e
0 0 0

1 1+ B I +B- 3 + + 3

(Ax1) 2 2ex 1 1 2ex

12 2e 2Ax x e

A• 1

+ x (90)Ss1x 3

2D Ax ex e

A difference equation now can be written for every point

in the mesh with all +_,s defined except for the cross

sections.
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Cross Sect*'ons. The cross sections selected were

obtained from the Radiation Shielding Information Center

(RSIC) of Oak Ridge National Laboratory from the RSIC Data

Library Collection DLC-14 (Ref 3). These cross sections are

multigroup and consist of 22 neutron groups coupled with

18 gamma groups. Since the gamma groups were coupled with

the neutron groups, calculations of secondary gamma fluences

(caused by neutron scattering in air) are possible in addi-

tion to the calculation of primary neutrons and gamma

fluences. These cross sections were selected since they

were used for Straker and Gritzner's constant density,

infinite air calculations (Ref 6). Therefore, these cross

sections were indirectly used by SMAUG since SMAUG curve

fits Straker and Gritzner's data. Use nf these cross

sections allows comparison between the code presented in

this report and SMAUG.

These cross sections, however, are for an air density

of .1i1 mg/cm3 which is equivalent to about 1 km in the U.S.

St:andard Atmosphere, or to about 2 km in the curve fitted

exponential atmoc-here used in this report. Since the entire

mathematical development of this report has been based on sea

level cross sections, these cross sections were extrapolated

to sea level using Eq (6). In addition, the cross sections

* are differential cross sections expanded in six terms of a

Legendre expansion. Therefore, removal and transport cross

sections had to be calculated. The energy ranges of the

neutron groups are presented in Table I and the entrgy ranges
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• Table I

Neutron Group Energy Ranges

Neutron GrouD Ener.,y Range
Number (MeV)

1 12.2 to 15.0

2 10.0 to 12.2

3 8.19 to 10.0

4 6.36 to 8.19

5 4.97 to 6.36

6 4.07 to 4.97

7 3.01 to 4.07

8 2.46 to 3.01

9 2.35 to 2.46

10 1.83 to 2.35

11 1.11 to 1.83
4j

12 0.55 to 1.11

13 0.111 to 0.55

14 0.00335 to 0.111

15 5.83E-4 to 3.35E-3 (a)

16 I.OIE-4 to 5.83E-4

17 2.90E-S to 1.01E-4

18 1.07E-S to 2.90E-5

19 3.06E-6 to 1.07E-5

20 1.12E-6 to 3.06E-6

21 4.14E-7 to 1.12E-6

22 0.0 to 4.14E-7

(a) 3.35E-3 reads as 3.35 x 10 (Ref 4:3)
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* of the gamma groups are presented in Table II. The actual

cross seclions used are presented in ApFendix C.

Method of Solution

The group scattered fluences were solved, one group at

a time starting with the highest energy neutron group

(group 1). A difference equation was written for each point

in the mesh. The result, for any group, is a matrix equation

of the form

A F = S (91)

where

A = the matrix consisting of the terms A, B, C, A,

B, and G

P = the array of unknown scattered fluences

S = the array of source terms

The matrix A is a block tri-diagonal matrix. Appendix A

defines a block tri-diagonal matrix and presents the algorithm

used to solve matrix equation (9]).

A problem arose during the computer solution using the

coordinate system and meshing developed in this chapter.

Negative fluences occurred in the upper portions of the

meshed area. This was a result of the radial spacing between

1 2 31
mesh spaces. In the x , x , x coordinate system, Ax is a

constant; however, the actual distance between mesh points

is increasing exponentially with increase in altitude. There-

fore, in the upper portion of the mesh, the fluence was
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Table II

Ganma Group Energy Ranges

Gamna Group Energy Range
Number (MeV)

8.0 to 10.0I 2 6.5 to 8.0

3 5.0 to 6.5

4 4.0 to 3.0

5 3.0 to 4.0

6 2.5 to 3.0

7 2.0 to 2.5

8 1.66 to 2.0

9 1.33 to 1.66

10 1.0 to 1.33

11 0.8 to 1.0

12 0.6 to 0.8

13 0.4 to 0.6

14 0.3 to 0.4

15 0.2 to 0.3

16 0.1 to 0.2

17 0.05 to 0.1

18 0.02 to 0.05

(Ref 4:4)

changing rapidly between mesh points and causing the negative

fluences. In order to correct this fault, xI was not allowed

to exceed the equivalent of 200 km at the outer boundary.
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When x exceeds this value, a different coordinate system is
3

used starting on the next value of x . This system was

1 1 2
y = x Cos x (92)

2 1. 2
y = x sin x (93)

3

y3= Hex (94)

1 2

x and x are therefore the r and 9 of a normal cylindrical

coordinate system, The difference equation from using this

coordinate system is

AF + BF -CF. + BF + AF.
i-ij- i,j i+l,j 1,j+l

H 2 S

D -j' 
(95)

40

where

1A =1 + (96)S3 3
(Ax3)2 2x 3x 3 2x3(Axe 2Ax~e 2Ae

2 H H2

B H (97)
(Ax1)2 2xlAxI

S,2 2
C 21= " 2 + ZR (98)(L 1 2 3g1 2 2x 3 Do0

, (1 (Ax3) 2e

H2  H2

(Ax1)2 x 1XAx1 (99)
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1 1 1 O0
3A x 2 (100)

(AX )e 2Axe x 2Axe

Since this difference equation is used Gnly in the upper area

of the mesh, only three boundary conditions need be defined.

They are for the x axis, the upper boundary, and the outer

boundary. The boundary conditions are the same as define•
3

before. Therefore, for the x axis, A and A remain as

- defined by Eqs (96) and (100), B becomes zero, and

4H2B 12(101)(Axl)2

4H2  2 H H2 )R (Z=()

C 1 2 3 D (102)
(AxAX3) 2e 2x 0

For the upper boundary, the same two possibilities exist.

The boundary can be less than 1JO km or it can be 100 km. If

the upper boundary is less than 100 km, A, B, C, and B remain

defined as in Eqs (96) through (99) and A is equal to zero.

If the upper boundary is 100 km, B and B remain as defined in

Eqs (97) and (99), A is zero, and

3 2 (103)

(Ax3)2e 2x)
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2H2 2 H2 R (Z'O) 1
211 23 D + 3

(Ax 3 2 2x 0 2x 3 ex
(Ax ) e DoAx3e e

1 1(104)

3X 3 xxe 2x e

2Doe e 2D e e
0 0

For the outer boundary, A, B, C, and A remain as defined

as in Eqs (96), (97), (98), and (100). B is zero.

The mesh interval Ax" remains the same since x has not

been changed. The new Ax (actually a Ar) is the radial

equivalent to the last Ax1 of the old coordinate scheme.

The computer code was written for the Wright-Patterson

Air Force Base CDC 6600 computer using an on-line plotter.

The language used was FORTRAN Extended.

9
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III. A Users Guide to the Code

This chapter presents a guide to the user on how to use

the code. The input for a sample probien is shown as an

illustration. Three types of punched cards are required;

control cards, data cards, and end of job cards.

Control Cards

Four control cards are required. These four cards

preceed any other cards. Entries on all these cards start

in column one. These cards are unique to the Wright-Patterson

Air Force Base CDC 6600. Other computers will require dif-

ferent control cards.

Card No. 1:

This card contains the users initials, time to run the

code, core size in octal, problem number assigned to the user

by the computer center, name, telephone number, and class.

EXAMPLE: RDM,T3400,CM120000. T710675,kICLAREN,2533886,
GNE 72

The time required for running the code is 3400 seconds and a
core size of 1200008 is required.

Card No. 2:

This card selects the FORTRAN compiler.

EXAMPLE: FTN.

Card No. 3:

This zard loads the program and causes "At to go into

execution.

EXAMPLE: LGO.
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Card No. 4:

This card signals the end of the control cards.

* EXAMPLE: A multipunch 7/8/9 in column oae.

Data Cards

The computer code itself follows the control cards.

After the code, a series of data cards are required. The

data is input in either an I format or an E format. All

numbers are right justified in the field specified by the

format statement. Examples of correct and incorrect use are

shown below. b represents a blank space. All entries start

in column one.

-Format Correct Incorrect

, 214 bb22bbl1 22bbl8b)'
bbbS-lO0 b5b-100b

lx,lPEll.4 bbl.2345E+04 1.2345E+O*bb
b-I.2345E+04

Card No. 1:

This card contains two numbers in 214 format. The

first number is the number of neutron energy groups and the

second number is the number of gamma groups. This card is

included as part of the input library and normally requires no

preparation on the part of the user. However, if the user

desires to use a different cross section data set with dif-

* ferent number of groups, this card must be replaced with a

card prepared by the user in the same format.

EXAMPLE: bb22bbl8
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Card No. 2:

This is actually a deck of cards containing the multi-

group cross sections. The format for eazh card is lx,lP7Ell.4.

This deck is included as part of the input library and

normally requires no preparation on the part of the user.

If the user desires to use different cross sections, this

deck must be replaced with a deck written in the same format.

k The cross section data supplied by the user must be in the

following order. All cross section data for the highest

energy neutron group must be first. This is followed by the

c data for the rest of the neutron groups in the order of

descending energy. Next, the highest energy gamma group

data follows. The data for the gamma groups must also be

arranged in order of descending energy. Each group G must

contain a series of cross sections whose number must be three

more than the total number of groups (neutron plus gammas).

In any group G, the cross sections must be arranged in the

following order:

1 is transport

2 is removal

3 is total

4 is scatter (G to G)

5 is scatter (G-1 to G)

6 is scatter (G-2 to G)

7 is scatter (G-3 to G)

etc.
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Every card, except for the final card in this deck must

have sevea nt~bers in the specified format. In cases where

the group to group scatter cross section is zero or do not

exist (exale: G-S when G is 5) a zerc must be entered on

the card. The cross section data used in the input library

is listed in _Avn-ndix C.

Card No- 3

This is also a deck of cards and contains the response

znnctions required to translate the multigroup neutron

fluence to silicon dose in rads. The format for each card is

1X,lPlEll.4. This deck is supplied as part of the input

library- if the user desires to use different response func-

tions, he must replace this deck. The number of values in

this deck must correspond to the number of neutron groups

specified on card nunber one. The response functions should

be arranged in. order of decreasing energy groups. The

response functions used in the input library are presented

in Table III. These functions were obtained from the SMAUG

code.

Card No. 4:

This is also a deck of cards and contains the response

functions required to translate the multigroup gamma fluence

to silicon dose in rads. The format is the same as for card

number three. This deck is supplied as part of the input

library and if the user wishes to use different response

functions, he must replace this deck. The number of values

in this deck must correspond to the number of gamma groups
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Table III

Neutron Response Functions

Energy Group For Silicon Dose For Tissue Dose
in rads in rads

1. 9.3SE-l0 (a) 6.2545E-09

2 9.66E-10 5.7744E-09

3 8.74E-10 5.i525E-09

4 S.56E-l0 4.9958E-09

's 2.1SE-10 4.4861E-09

6 1.41E-10 4.1199E-09
j 7 1.02E-10 4.0662E-09

S8 8.4E-ll 3.4281E.-09

49 7.7E-11 3.l542E-09

10 6.9E-11 3.0504E-09

11 S.SE-I1 2.6157E-09

| 12 4.8E-11 2.0131E-09

13 3.4E-II 1.2918E-09

14 0 4.2594E-10

15 0 1.9581E-11

S16 0 3.6590E-12

17 0 1.1533E-12

18 0 1.0841E-12

19 0 1.5460E-12

20 0 2.6671E-12

21 0 4.3388E-12

22 0 8.2591E-12

(a) read as 9.35xlO -10
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specified on card number one. The response functions used

Sin the input library are presented in Table IV. These

functions were obtained from the SMAUG code.

Card No. S:

This card is the same as card number three except the

response functions are for tissue dose in rads. All instruc-

tions are the same as for card number three. The response

functions used in the input library are presented in Table

III. These functions were obtained from the SMAUG code.

Card No. 6:

This card is the same as card number four except the

response functions are for tissue dose in rads. All instruc-

tions are the same as for card number four. The response

functions used in the input library are presented in Table

IV. The functions were obtained from the SMAUG code.

Card No. 7:

This card contains one number in 14 format. This number

is the number of aircraft being evaluated and must be between

one and 100. This card must be supplied by the user.

EXAMPLE: bbb4

Card No. 8:

This may be one or more cards and supplies the aircraft

position. The positions are defined in an X,Y,Z coordinate

system (in that order) and the units on the coordinates are

kilometers. Each card contains the coordinates for two air-

craft in lX,lP6Ell.4 format and will normally have six

numbers. A card could have three numbers (one aircraft
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Table IV

I Gamma Response Functions

Gamma Group For Silicon Dose For Tissue Dose
in rads in rads

1 2.8E-09 (a) 2.2576E-09

2 2.28E-09 1.9371E-09

3 1.83E-09 1.6436E-09

4 1.48E-09 1.3901E-09

5 1.2E-09 1.1812E-09

6 9.85E-10 1.0102E-09

7 8.4E-10 8.8378E-10

8 7.12E-10 7.6726E-10

9 6.1E-10 6.6473E-10

10 5.05E-10 5.511SE-10

11 4.1E-10 4.4620E-10

12 2.7E-10 3.5710E-10

13 2.37E-10 2.6009E-10

14 1.65E-10 1.7915E-10

15 1.17E-lO 1.2257E-10

16 7.25E-11 6.2561E-11

17 9.75E-11 3.2027E-11

18 4.13E-10 4.7209E-11

'-9

(a) read as 2.8 x 109
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position) if only one aircraft is listed on card number seven

or if the card is the last card for an odd number of air-

craft. The number of aircraft positions must agree with the

number of aircraft specified on card number seven. This card

(or cards) must be supplied by the user.

EXAHP LE :

bbl.OOOOE+00bl.OOOOE+00bl.00OOE+OlbO.0000E+OObS.0000E-Olbl.SOOOE+00

bbl.2500E-Olbi.OOOOE+00b2.OOOOE+OlbO.0000E+OObO.0000E+00b2.3000E400

Card No. 9:

This card contains one or two numbers in 214 format. The

number specifies the units of aircraft vulnerability and must

be a number from one to eight. If the first number is five

or eight no second number is required. The first number gives

the units of neutron vulnerability and the second number gives

the units of gamma vulnerability. The meaning of the numbers

follow:

Number Meaning

S1 Total neutron fluence (neutrons/cm )

2 Total gamma fluence (gammas/cm )

3 Neutron tissue dose (rads)

4 Gamma tissue dose (rads)

S Neutron+gamma tissue dose (rads)

6 Neutron silicon dose (rads'

* 7 Gamma silicon dose (rads)

8 Neutron+gamma silicon dose (rads)

This card must be supplied by the user.
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EXAMPLE: bbblbbb2

Card No. 10:

rhis card contains one or two numbers in IX,IP2Ell.4

"format. The numbers specify the aircraft vulnerability.

The first number is the aircraft neutron vulnerability and

the second number is the aircraft gamma vulnerability. The

units must be those specified on card number nine. If the

first number on card nine is a five or eight only one number

is required on this card. This card must be supplied by

the user.

EXAMPLE: bbl.OOOOE+lObl.0000E+10

Card No. 11:

.This card contains four numbers in lX,IP4Ell.4 format.

The first number is the yield of the nuclear weapon in kilo-

tons. The next three numbers give the position of the burst

in X,Y,Z coordinates (in that order). The units of the

coordinates are kilometers. This card must be supplied by

the user.

EXAMPLE: bbl.OOOOE+Olbl.2500E-Olbl.OOOOE-01b2.5000E+01

Card No. 12:

This card may contain two numbers in 214 format and

specifies the type of output desired. The first number may

be blank (or zero), one, two, or thre2. This number speci-

• fies the type of plot output. A blank means no plots will

be output. A one means the vulnerability isofluence or

isodose line will be plotted and the aircraft will be located

on the plot. A two means only isofluence or isodose lines
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will be plotted. A three means both the one and two options

will be plotted. The second number may be blank (zero) or

one. This number specifies the type of printed output. A

blank is the normal mode and will result in a short printout

giving the lccation of the burst, location of the aircraft,

and if the aircraft survived with gamma v.nd neutron levels

experienced by the aircraft. A one will give the same out-

put as the blank plus the detailed group by group fluence

at every mesh point. The one option generates several hundred

pages and should not be used unless the group fluences are

needed. This card must be supplied by the user.

EXAMPLE: bbb3bbbb

Card.No. 13:

This card may contain one to three numbers in 314 format.

The first number must be a one or two and specifies the type

of nuclear weapon. A one is a fission weapon and a two is a

thermonuclear weapon. The second number may be a blank or

a one and specifies the source of the weapon output spectrum

for neutrons. If this number is blank, an unclassified

default spectrum will be used. This default spectrum is

contained within the code and will be a fission or thermo-

nuclear spectrum depending upon the first number on this

card. Table V lists the default neutron spectra. If this

number is one, the default spectrum will not be used and a

user supplied spectrum will be used. The third number may

be a blank or a one and specifies the source of the weapon

output spectrum for gammas. If this number is blank, an
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Table V

Weapon Neutron Spectra

Neutron Group Fission Spectrum Thermonuclear Spectrum
(neutrons/kiloton) (neutrons/kiloton)

1 3.92E+19 (a) 6.001E+22

2 2.233E+20 2.176f.+22

3 8.7E+20 1.1985E+22

4 3.48E+21 1.2495E+22

S 8.705E+21 1.4875E+22

6 8.70SE+21 1.4875E+22

7 1.49S1E+22 1.4167E+22

8 1.49S1E+22 1.4167E+22

9 1.49S1E+22 3.825E+22

10 4.23E+22 3.825E+22

11 4.23E+22 3.825E+22

i2 4.2325E+22 7.9475E+22

13 4.2325E+22 7.947SE+22

14 3.875E+21 3.102SE+23

15 0 0

16 0 0

17 0 0

18 0 0

19 0 0

• 20 0 0

21 0 0

22 0 0

(a) read as 3.92 x 1019
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unclassified default spectrum will be used. This default

spectrum is containei within the code andi wi-1l be a fission

or thermonuclear spectrum, depending upon the first number

on this card. Table VI lists the default gamma spectrum.

If this number is one, the default spectrum will not be used

and a user supplied spectrum will be used. The default

spectra are from the SMAUG computer code. If both the second

and third numbers are blank, this is the last card required.

This card must be supplied by the user.

Card No. 14:

If the second number on card 13 was blank, omit this

card. If that number was a one, this card (actually a small

deck) will contain the neutron output spectrum of the weapon

in 1X,1P7Ell.4 format. The number of entries must agree

with the number of neutron groups specified on card one.

The group structure must be arranged in order of desceneing

energy.

Card No. 15:

If the third number on card 13 was blank, omit this

card. If that number was a one, this card (or several cards)

will contain the gamma output spectrum of the weapon in

IX,lP7EII.4 format. The number of entries must agree with

the number of gamma groups specified on card number one.

The group structure must be arranged in order of descending

energy.

Card IS is the last data card that may be supplied by

the user. As can be noted in the above description of the
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Table VI

Weapon Gamma Spectra

Gamma Group Fission Spectrum Thermonuclear Spectrum

q _ _(gammas/kiloton) (gammas/kiloton)

1 1.2643E+19 (a) 6.3239E+18

2 5.9019E+19 2.9508E+19

3 1.0539E+20 5.2693E+19

4 4.7555E+20 2.3778E+20

5 4.7556E+20 2.3778E+20

6 1.0718E+21 5.3595E+20

7 1.0719E+21 5.3595E+20

8 2.3562E+21 1.1781E+21

9 3.22E+21 1.615E+21

10 4.0838E+21 2.0419E+21

11 3.7741E+21 1.887E+21

12 4.512E+21 2.2559E+21

13 5.2499E+21 ,..6249E+21

14 2.2981E+21 1.149E+21

15 2.2981E÷21 I1A49E+21

16 2.7062E+21 1.3531E+21

17 0 0

18 0 0

(a) read as 1.2648 x 1019
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cards, this code is flexible and will allow the input library

and contained data to be replaced. However, if any of the

S* options of replacing cross sections, response functions, or

weapon spectrun are exercised, the user should note the

following caution. These three selections of data are self-

consistant in num.ber of groups and the energy range in each

group. If any one (or more) are replaced, this self-

consistency must be retained. That is, the user is respon-

sible for insuring the number of groups, and the energy

ranges in each group, agree.

End of Job Cards

For the Wright-Patterson Air Force Base CDC 6600, the

user must supply two more cards following the data card.

The first is a multipunched 7/8/9 in column one. The second

is a multipunched 6/7/8/9 ;n column one. This last card is

orange. Other computers will require different end of job

cards.

5

A

I
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IV. Results

This chapter presents the results obtainied from the

sample problem illustrated in Chapter II). These results

are compared with results obtained from a constant density

air model with the same input data. The results are also

compared to those given in the Quick-Look Radiatlon charts

(Ref i). These charts were derived from SMAUG; therefore,

this comparison is effectively between the author's code

and SMAUG."

The Problem

The problem presented in Chapter III (as sample entries)

is reviewed in this paragraph.

Weapon Parameters

Position: X = 0.125 km, Y = 0.1 km, Z = 25 km

Yield: 10 kilotons

Type: Fission

Neutron spectrum: Input library (see Table V)

Gamma spectrum: Input library (see Table VI)

Aircraft Parameters

Number: Four

Positions: No. 1, X = 1 km, Y = 1 km,
Z = 10 km

No. 2, X = 0 kin, Y = 0.5 kin,
Z= 1.5 km

No. 3, X = 0.125 kip, Y = 1 km,
Z = 20 km

No. 4, X = 0 kin, Y = 0 kin,
Z = 2.3 km
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Neutron vulnerability: 100 neutrons/cm2

Gamma vulnerability: 10 gammas/cm2

Air Parameters

Cross sections: the 22 group neutron, 18

group coupled gamma library

(see Appendix C)

Response functions: Input library (see

Tables III and IV)

The Output from the Code

The output required was the short printed output which

states what happened to the aircraft and four plots; two

showing neutron and gamma isofluence lines, and two showing

the neutron and the gamma isovulnerability line. The

printed output stated that aircraft number one survived and

experienced a neutron fluence of 4.8 x 106 neutrons/cm and

6 2a gamma fluence of 5.4 x 10 gammas/cm Aircraft numbers

two and four survived and experienced zero neutron and gamma

fluences. Aircraft number threv was killed by neutrons

12 2with a fluence of 2.2 x 10 neutrons/cm . The four plots

are presented as Figs, 2 through 5.

Comparison with Results from a Constant Density Air Model

Another air model was selected for comparison purposes.

This model was a constant density, homogeneous composition,

infinite atmosphere model. The same input data was used.

A program was written for this model with the same require-

ment on output. The printed output stated all four aircraft
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were killed. Aircraft number one experienced a neutron

"fluence of 6.6 x 10 1 neutrons/cm2 , aircraft number two

11 2
experienced a nrutron fluence of 1.9 x 10 neutrons/cm

aircraft number three experienced a neutron fluence of
12 2

3.1 x 1012 neutrons/cm , and aircraft number four experi-

11 2eniced a neutron fluence of 2.1 x 10 neutrons/cm The

four plots are presented as Figs. 6 through 9.

The neutron fluences calculated at the four aircraft

positions are greater for the constant density model. This

difference, however, is expected since, in the actual

atmosphere, air density is decreasing with altitude. There-

fore, in the actual atmosphere, any fixed r;osition below the

burst should experience a lower fluence than that predicted

for a constant density model. The exponential air model

selected for the code is a reasonable approximation to the

actual atmosphere, therefore, the fluences calculated with

this code for fixed positions below the burst should be

lower than those predicted for the constant air model.

Two observations can be made by examinin.g the plots

from the two codes. Figure 6, the neutron isofluence lines

for the constant density model, and Fig. 2, the neutron

isofluence lines for the exponential air model, show the

effect of the atmospheric model on neutron fluence. The

4 . isofluence lines for the constant density model are circ'les.

j The isofluence lines for the exponential air model are not

circles. These lines are close together in the region of

greater air density and diverge as the air density decreases.
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This observation can also be made by corparing Figs. 4 and

8, the gamma isofluence lines.

The second observation that can be made is that the

isofluence lines at a height coaltitude with the burst differ

between the two models. This difference can be easily seen

by comparing Figs. 3 and 7, the neutron fluence vulnerability

line, or by comparing Figs. S and 9, the gamma fluence

vulnerability line. From Fig. 3, the vulnerability level

10 2of 10 neutrons/cm is at about 18 km coaltitude for

exponential air. From Fig. 7, the vulnerability level of

010 neutrons/cm is at about 44 km. Figures 5 and 9 show

similar results for the gamma vulnerability line of

10 2
10 .gammas/cm2. The coaltitude distance for exponential

air is about 12 km but for constant density air is about

25 km. Therefore, in this example, the constant density

air model overpredicts the coaltituLe distance by a factor

of two.

Comparison with the Quick-Look Radiation Charts

Neutron and gamma fluences at the aircraft positions

were also calculated using the Quick-Look Radiation Charts

(Ref 1). These charts were derived from SMAUG. The

expected values from these charts should be between the

exponential air model and the constant density air model

because the SMAUG data base is from a constant density model.

SMAUG compensates for the actual change in air density by

mass integral scaling along the line of sight between the

burst and the receiver.
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8ll The fluence values from these charts were 1.6 x 108

2 8 .2
neutrons/cm and 3.8 x 10 gammas/cm for aircraft number

12 2 11 2
one, 3 x 10 neutrons/cm and 3 x 10 .*Tammas/cm for

aircraft number three. Values for aircraft numbers two and

four could not be obtained because they were out of the

range of the charts. The results of all these calculations

are summarized in Tables VII and VIII.

Table VII

Neutron Fluences at the Aircraft Positions

as Calculated by the Three Models

Neutron Fluence (neutrons/cm )
Aircraft

Number Exponential Air Quick-Look Constant Dens.ity
Charts Air

1 4.8 x 106 1.6 x 108 6.6 x 1011

2 0 (a) 1.9 x 101

3 2.2 x 1012 3 x 1012 3.1 x 1012

4 0 (a) 2.1 x I011

(a) Out of the range of the charts

The comparison between the three calculations do show

the Quick-Look results between those of exponential air and

constant density air.

Validity of Results

The general appearance of the results seem valid. The

results show the expected effect of the decreasing air

density with height. Furthermore, when these results are
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Table VIII

Gamma Fluences at the Aircraft Positions

a:; Calculated by the Three Models

Aircraft Gamma Fluence (gammas/cm2)

Number Exponential Air Quick-Look Constant Density
Charts Air

1 5.4 x 106 3.8 x 108 8 X 1010 (c)

102 0 (b) 3 x 10 (c)

1111 113 10 (a) 3 x 101 > 10 (c)

4 0 (b) 3 x 10 1 0 (c)

(a) Not calculated, estimated from Fig. 4
(b) Out of range of the charts
(c) Not calculated, estimated from Fig. 8

compared to the constant density air model and to the

Quick-Look charts, they appear to be correctly predicting

increased (or decreased) fluences where applicable. The

actual validity of the numbers can not be determined since

no experimental observations exist for these type of calcula-

tions. Some checks, other than comparison with experimental

data, can be made tc estimate the validity of the results.

First, a check for conservation of particles can be made.

The conservation relationship is that the number of particles

entering a specified volume plus the number of particles

gained inside the volume is equal to the number of particles

leaving the volume plus the numbcr of particles lost inside

the volume. This check, once made, would establish that
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L: the difference equations used in this report do conserve

particles and are therefore valid. Another check that can

be made is to let the atmospheric model used approach a

constant density model. This can be done.by changing the

scale height of the atmosphere to a very large number. If

the same example used in this report is then run, the

results should approach those obtained from a constant

density model.
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• V. Conclusions and Recommendations

Conclusions

Definite conclusions can not be made since only one

sample problem has been run on the computer code. One

tentative conclusion, however, can be made subject to con-

firmation by moie computer runs. The codes that consider

coaltitude burst and receiver, if based )n the constant

density air assumption, overestimate the gamma and neutron

fluence. The reason for the overestimation is most likely

the implicit assumption that scatter from above is equal to

scatter from below in the constant density air model. In

actuality, due to the density variation, scatter from above

would be less than scatter from below. Therefore, thie

exponential model correctly indicates lower coaltitude

fluences.

Another conclusion that can be drawn is that the

constant density air model poorly estimates the neutron and

gamma fluences at any fixed point above or below the burst.

This estimate becomes progressively poorer as the distance

from the burst increases.

In conclusion, an alternate, and successful, approach

to the calculation of neutron and gamma fluences in the atmos-

phere has been developed. This code also does determine if

aircraft in the vicinity of the burst survive the neutron

and gamma fluences. However, the requirement that a quick

and therefore inexpensive code be developed has not been
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fully satisfied. The running time of the code, 20 minutes

* of central processor time plus one hour of input/output

time, does not compete favorably with SMAUG's running time

of several seconds, but it is much faster than the Monte

Carlo codes mentioned in Straker's report (Ref 5).

Recommendations

Based on the above conclusions, the author has five

recommendations. The first is that a conservation check be

performed, using the geometry developed, to insure the

validity of the difference equations. The second is that

the code be rerun with an increased scale height to determine

if the results do approach those obtained with a constant

density air model. The third recommendation is that, if the

above checks are successfully made, the code be rerun at

heights of burst for which Monte Carlo data exists and a

comparison made between the Monte Carlo results and those

obtained from this code. The fourth recommendation is

that, if the above three checks still show the code to be

valid, the code be given to an experienced programmer to

revise in order to decrease the run time. The final

recommendation is to then run the revised code at a series

of burst heights in order to generate a broad data base.

This data base can thea be used to write a SMAUG-like

"program which should fully satisfy the requirement for an

inexpensive (quick running) code.
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Appendix A

An Algorithn for the Solution of Matrix Equations

with Blozk Tri-Diagonal Matrix of Coefficients

A matrix equation of the form

AF = S (1)

where A is an M x H matrix, F is an N x I matrix, and S is

an N x I matrix, can be directly solved for F by finding A

inverse and multiplying F by A inverse. The solution is

therefore

F = A-I S (2)

This is the normal method of solution used in most computer

prograus. However, when N is large, this method is inprac-

tical. Two reasons for the impracticality of this method

are the large computer core and the long comvuter run tine

required- For emanple, if N is 1000, a computer core of

1,000,000 words will be requi-ed just to store the inverse.

The core requirement can be reduced by using nagnetic tapes

f-- itorage; however, the use of nagnetic tapes inzreases

the conputer run tine. Nunerous algorithns have therefore

been developed to avoid the problems of solution by direct

inversion.

These algorithms depend on the composition of the

coefficient aatrix A. If A is a block tri-diazonal zatrix,

an algorithm has beei described bv Uinchester (Ref 8:57-61)
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that greatly reduces the computer core size and run time to

solve Eq (1). This algorithm is described in the following

paragraphs.

If A is block tri-diagonal, it can be partitionted such

that

91A UP1 0 0 0

LOW 2 DIA2 UP 2 0 0

O LOW DIA UPip 3 0

A _ (3)

Lo. OW, DIA UP

0- LOW N DIAK

where DIAi, UP. and LOW.- are all square matrices. F and S can
1 1

also be partitioned such that

FMI F

M '2. (4)

SMI

S SM (5)

*H d
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where SM. and FM. are also matricesS1I I

Next, factor A into matrices VM and QN such that

WM Q1= A (6)

where

v 0 0 0 0

LOW 2 W2 0 0 0

0 LOw 3 0 0

W= . (7)

0 0 LOWN WN 0

0 0 0 LOW N W N,

and

I 0 . 0

0 I q 2  " 0

QM4= .. (8)

O0 0 I X_

0 0 0 1

Carrying out the matrix nalxtiplication of Eq (6) and

equating conponents to corresponding diagonal conponents of

A yields the following relations:

K = DIA (9)

W. = DIA- - LOW. q _ (10)
Z I i 7i-
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By equating components with corresponding off-diagonal

components of A the following relation is also obtained:

q. = (W.)- IuP. (11)

Next, define - matrix GM

Gi

GM= G 2  (12)

such that

WH GM= S (13)

Therefore

GM = Qn F (14)

Carrying out the matrix multiplication of &q (13)

and equating the components with corresponding co=ponents

of S yields the following relations:

GI = (W1 ) 1$ 1  (15)

C. = (KW) ° LO#.G I < i - X

The same operation with Eq (14) yields

F% = G (17)

FM. = G. - qiF.i. 1 <4 i < N (18)
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Equations (14) and (15) are the equations de.fining the

* unknown matrix F.

The entire algorithm to solve for F is listed below.

(1) Start with i =1

(2) Solve for W.
I

RW = DIA

W. = DIA. - LOiqi<N

(3) Solve for q,

-. = (Wil-IUP.

(4) Solve for G_

1 = (Kl) SM1-I

Gi = (WK) (SM. - LOW. G ) I < i < N

"(5) Return to Step (2) with next i and repeat until

ail components are calculated.

(6) After all the q- matrices and the G. matrices have
1.1

been calculated, solve for the FM. components of the unknown1

matrix F. Start with i = N.

FM = GN

FM. G. - q. FM•I < i < N
1 1 i+7
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Appendix B

Description and Listing of the Code
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Subroutine LOCATE .......................... 104
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Subroutine ADD ................................ 110

Subroutine OUT .......................... 112

Subroutine CONVERT ..... ................ ... 114

Subroutine CHECK ....... ................. ... 117

Subroutine NOTICE ...... ................ .. 120

Subroutine MAP ....... .................. ... 123
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Subroutine SETUP ....... ................. ... 131

BLOCK DATA ......... .................... ... 134
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Introduction

This appendix describes and presents the code. Each

subroutine is described separately with a glossary and listing.

Some program modifications that can be i•ade with the exchange

or addition of a few cards are also discussed. The code is

written for the Wright-Patterson Air Force Base CDC 6600 in

FORTRAN Extended. In addition, the code, as written, should

( only be run on a 1700 terminal of the CDC 6600 that has

on-line plot capability. The program can easily be converted

to run at the computer center, rather than at a terminal,

with a few easy modifications. These modifications are dis-

cussed in subroutine MAP. If the code is run on another

CDC computer, the library matrix and plot subroutines used

by the code may be different and require modifications to

F the code.

[• Program MAIN

This is the main program and is a substitute for the

master nuclear effects program developed by Capt DeRaad

"(Ref 2). The program is responsible for feeding the cross

section data, respcnse function data, aircraft data, weapon

yield and position, and output options to subroutine GAMNEUT.
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FORTRAN Glossary:

ACPOS An array that stores the aircraft positions
- in X, Y, Z coordinates. Units are kilometers.

ARRAY An array that specifies a live aircraft or
one killed. A one means the aircraft is live
while a zero means the aircraft has been
killed.

BURST An array that store the burst position in X,
Y, Z coordinates. Units are kilometers.

LMAP A number indicating the plot option.

LOUT A number indicating the printed output option.

MODE An array indicating the units of the figures
given for aircraft vulnerability.

NGAM The number of gamma groups.

I NGROUP The number of gamma plus neutron groups.

NNEUT The number of neutron groups.

NUMBER The starting number of aircraft.

STMAX The maximum macroscopic total air cross
section.

STMIN The minimum macroscopic total air cross
section.

VUL An array that stores the aircraft neutron and
gamma vulnerability.

YIELD The weapon yield in kilotons.
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PROGRAM MAIN'(1NFUT,TAP-E9,TAPIEVTAPEi1,OUTPUTPLOT)
INTEC(ER ARqAY(2.AO)

*DIME'ISI ,ON ACOOS(391i-.3))BURST(!),VUL(2),MOOE(2)
COMtIOM I

*C READ IN TwE NUMPER CF GAMMA AND NJEUTRON
C GROUPS. RE30 IN THE CROUP CROSS SECTIONS*
C READ IN. ?JEUTRItJ AND GAmMA RESFCtSE FUNCTTCNSo
C

CALL CROSS (STMA(,STF'p1,NNEUTNC-AMNGRCUP)

CALL OOS.E (NNE7UTNGAVI

C RFA') IN AIRCRAFT DATA, THE NUM2ER CF AIRCRAFT,
C POSITIONS, VULNFR40ILITY. ALSO SET UP AN
C APRAY TO KEcc TPACK OF AIRC~PAcT iHAT APE
C KTLLEne
C

CALL AIRCO(AR9AYACPOSVULMOCENLMEER)
C
C READ IN qURST LOC"TION ANn YTFLC.
C

READ 139¾YIELD,(8UPST(I)vI11,3)
C
C PEA3 IN% PLOT AND OUTPUT OPTICNS.

* C
SC MAP~(-3LAM3K) mEaNS NO PrLOT.

* LMAP~1 MEANS A VULNEPA9ILITY ISCFLUENCE Oq
C DOSE LINE WILL AE PLOTTEC ANC THE
C AIRC'.AFT LCC'.TED ON TI-E PLCT.
C LMAP=2 M~EANS THE ISOFLUENCIE LINES WILL

* C 0E PLOTTED.
C L'AP=3 WEANS =eOTH- LMAF1l AND LMAF=2 OPTIONS
C WILL '?E PLOTTEC.
C
C LOUT=: ('3LANK) V'EaNS SHORT (NCRFAL) OUTnUl.
C LOUT=I. MEANS I CETflILED CUTPUT*

RPAD 1I,9LMtAPsLCUT
* C

C CALCULA~TE TFF NEUT:?C'N ANC GAM1'A ENVIRCMENT.
C

CALL GA1,NEUTPIId40PACPO5,ZARAYtoURSTVULMO9EN4NEUTNGAM,9STMAXST
AMIN,9L!AP,LC-UTN5RCUP, YIELC)

STOP
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Subroutine CROSS

4.• This subroutine reads in the sea level macroscopic

cross sections, determines the minimum and maximum total

cross sections, and stores all cross sections on a disk

file. This subroutine should be included in the master

nuclear effects program.

FORTRAN Glossary:

NGAM The number of gamma groups.

NGROUP The number of gamma plus neutron groups.

NNEUT The number of neutron groups.

STMAX The maximum macroscopic total air cross

section.

STMIN The minimum macroscopic total air cross

section.

XSECT An array containing the neutron and gamma
sea level air macroscopic cross sections.
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* ~SUBRO'UTINE CROSS(STMAXSTtPINNNEUTIKGM',rJGROUC)

C THIS SCL'ROUTINE RLEACS INTE A'AN
~' 'C NFUTRON C"-CSS SECTIOMF AND STORES' THEM ON

C TAPc. g.

tC NGR0UP IS THE NUMOEP CF GAMMA ANC NEUTRON

C
C STMAX IS THE LARGIEST TOTAL CRCSS SECTION.
C

CSTMIN IS THE SZMALLFST TOTALCCROSS SECTION.
C
C F IS THE MUMIER OF CROSS SECTIONS IN ANY
C ONE GROUP*
C
C IN ANY GROUP G9 THE CRI~SS SPCTICNS ARE
C ARRANGED IN TI-E FCLLOhING ORDER,
C i IS TRANSPCRT
C 2 IS RcEMOVjAL
C 3 IS TOTAL
C 4 IS SCATTER (G, TO G)
C 5 IS SCATTEP (G-1 TO G)
C 6 IS SCATTER (G-2 TO, G)
C 7 IS SCATTE9 (G-3 TO G)
C ETC.
C
C NOTE*. IF OTHER THAN THE SUPPLIEC EATA IS
C USED, TH-- NUOE "F GQOUPS ANO ENERGY 9ANCS
C MUST AGPEE WITH TwAT SUPPLTED AS INPUT FOR
C DOSE CALCULATIONS AND WEAPON SOLRCE SPECTRUlM.
C

COMMiON XSECT(43j4-)vIJM

RED4NNEUTqN-3A%
Nr.ROUP:=4NEUT+NGAM
u=Nti:ROUP+7
READ 1, ((XSECT(IJ)qI=iqt')qJ~lvNCRCUF)
00 2 J=10,NG'2jUO

2 WRITF (9) (XSE'ýT(IJ)p1=19M)
STMAX=XS~7T (3,1)
STMIN=XSECT ( ý91)
DO 3 T=1,NC.ROUP

I FCRM~A T (jX,1PEIIl.s)
* 4 FORvAT(211s)
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Subroutine DOSE

This subroutine reads in the response functions that

are used to convert multigroup fluence to silicon dose in4 _ rads or tissue dose in rads. These response functions are

then stored on a disk file. This subroutine should be

included in the master nuclear effects program.

FORTRAN Glossary:

NGAM The number of gamma groups.

NNEUT The number of neutron groups.

SILGAM An array containing the response functions
to convert group gamma fluences to silicon
dose.

SILNEUT An array containing the response functions
to convert group neutron fluences to silicon
dose.

TISGAM An array containing the response functions
to convert group neutron fluences to tissue
dose.

TISNEUT An array containing the response functions to
convert group neutro:, fluences to tissue dose.
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SUBROUTINE OOSE(NNEtJTNr'AII
C
C THIS SUBPOUTINF qPAiOS IN THE NELTPCN AND)
C GAM'A ;ESPONST FUNCTICNS FOR CONVERTING
C FLU:.NC;E TO TTS'SUE DOSE OR SILICCN COSE IN
C PADS*

C NOTE.. IF OTWEP TH1AN THE SUPPLIEC CATA IS
C USE'), THE N11MOER "IF GPOIJPS ANO EN.- RGY 9ANCS
C MUST AGqcr WITH THAT SUOCLIFC AS INr-UT FOP
C Gpoup CPOSS S7CTICNS ANO WEAFCN SCLRCE
C SPECTRUm.

-S C

C THE ?ES=CNST FUNCTIONS ARP STCREC CN TAPE g.
S C

C SILNFUT IS THE FESzPONSF FUNCTION FCP CCNV5RTING
C ~NEUTRON FLUENrCE TO) SILICCN CCSE TN RAOS*
C S1LGAM IS THE RESDONSE FUNCTIGN FCR CONVERTING

C GAMMA FLUENCEF TO SI'LICON nOSE IN PADS*
C TISNEUT IS THE RES0 ONSE FUNCTTON FOR CONVcPTING
C NEUTRON FLUEENPE TO TTSSUE COSE IN RADS.
C TISGIM IS THE PESPCNSr FUNCTICN FCR CONVFRTING
C GAMMA FLUENCE TO TISSUE COSE IN RACS,
C

-COMMON SILNEUT(22),SILGAm(iB),TISNEUT(22),TISG-AM(i5),I
READ i,(SiLNEUT(llqT=1,NNcEUT)
WRITE (9) (SILNE-UT(I),T~1,NN7UT)
READ 1, (SILGAM(I),I=tNGA4)
WPITE (9) (SILGAM(I),T=1,qNGAM)
RFAD 1, (TISNFUT(I)qI=1,NNýUT)
WPITE (9) (TlTzNEU:T(I) ,ITlNNEIJT)
READ 1, (TISGAM1(I),I=1,NO.M)
WRITE (9) (TISGAM(I),r~i,NGAm)
QEWINfl 9

1. FORMAT (lX,1P7EiI.4)
RETURN
END
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Subroutine AIRCR

This subroutine reads the aircraft data: positions,

vulnerability, and vulnerability units. It also sets up

-the array that keeps track of whether the aircraft survives

or is killed. This subroutine is a substitute for the data

that would be obtained from the mazter nuclear effects

program.

FORTRAN Glossary:

ACPOS An array that stores the aircraft positions
in X, Y, Z coordinates. Units are kilometers.

ARRAY An array that specifies a live aircraft or
one killed.

MODE An array indicating the units of the figures
given for aircraft vulnerability.

NUMBER The starting number of aircraft.

VUL An array that stores the aircraft neutron and
gamma vulnerability.
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DIMENSION ACPOSU!,1r2),VUL(2),MOOE:(2)
READ 1-11VF
nlo i IzI,NumjER

I AFRAY(I)=1
READ ±,I((ACOOS(TJ),IT=193),J=INUtPEP)
READ 1:(oEt Ii2
R 'AD Il.,2VUL(I),I=1,.2)

I% FORMAT(IXglPeEli.4)
131 FORMAT(1Sl!L.)

V 'END
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* Subroutine GAMNEUT

This subroutine is the heart of the code and is the

K" subroutine designed for incorporation into the master nuclear

effects program. This subroutine calculates the scattered

neutron and garnra fluences. All the following subroutines

are called by this subroutine and have functions of calcu-

lating the preliminary information needed for the fluence

calculations or converting the data to a form suitable for

data output.

Subroutine GAMNEUT Glossary:

A A coefficient of the.difference equation

ABAR A coefficient of the difference equation

ACPOS An array that stores the aircraft positions
in X, Y, Z coordinates

B A coefficient of the difference equation

BBAR A coefficient of the difference equation

BURST An array that stores the burst position in
X, Y, Z coordinates

C A coefficient of the difference equation

D The diffusion coefficient

DELR The radial mesh interval

DELRLOW The value of DELR equivalent to the value of
¶ 3

the x interval in the highest row in x using
the nonorthogonal coordinate system

1
DELXI The x interval

3
, DELX3 The x interval

DIA A packed matrix. This is one of the sub-
matrices used in the block tri-diagonal
algorithm
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FLU An array that stores the calculated group
scattered fluences

G One of the matrices used in the block tri-
diagonal algorithm

GROUP A counter. Its value is that of the group
for which scattered fluence is being calcu-
lated

Gl
G2
G3
G4 Coefficients of the difference equation

H The scale height of the atmosphere

HOB The height of burst

KCOL An array used to unpack the LOWER matrix for
the row connecting the two coordinate systems

LMAP A number indicating the plot option

LOUT A number indicating the printed output option

LOWER A packed matrix. This is one of the sub-matrices used in the block tri-diagonal

algorithm

MODE An array indicating the units of the figures
given for aircraft vulnerability

NGAM The number of gamma groups

NGROUP The number of gamma plus neutron groups

NHOR The number of horizontal mesh points

NNEUT The number of neutron groups

NUMBER The starting number of aircraftI
NUP The number of vertical mesh points

POS An array that stores the aircraft positions
in r,z coordinates

Q One of the submatrices used in the block
tri-diagonal algorithm

S One of the submatrices used in the block
tri-diagonal algorithm
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* SIGR The group air macroscopic removal cross
section

SIGS The group air macroscopic scatter cross

section

SIGT The group air macroscopic total cross section

* SIGTR The group air macroscopic transport cross
section

SOURCE The total number of neutrons or gammas output
from the weapon for a group

SPECT The number of neutrons or gammas per kiloton
output from the weapon for a group

t'PPER A packed matrix. One of the submatrices used
in the block tri-diagonal algorithm

11Xl The value of the x coordinate
1MIN The minimum value of the x1 coordinate

X3 The value of the x coordinate

X3HOBThe height of burst expressed in terms of x3

3X3MIN The minimum value of x

33

X3SW The value of x when the coordinate systems
are switched

YIELD The weapon yield in kilotons
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f ~SUqQOUTINc' rANEUT(NUm93EP ACcOSARRI.YpPUFSTVIJLM0OENrJIEt!

ASTMAXSTMVNLMA', LOUrNGP3-I'UPYTELC)
C THI SL'OUT NE-DTERMINES THE PULTIrROUP

C GAMMA AN4D NEUTRCN FLUýNCE-

RPAL LOWER(6J,i?)
INTEGER ~AVA(13J)qGROUP
DIMENSION VUL(2),moo~i(?),ACPOS(3,1.jC),EURST(3),SFEýCT(4,),cLi,

COMMOM' G('ý-gi,12),PC(Ea,s1.),IA(6393),UPPER(6O,!),KCOL(Ej)g,(

EPUI VALENCE (SF.LU)
C
C OFTERMINE THE WEAPON OUTPUT SPECTRUM.
C

CALL SELECT(SPECTNNElJTNC.AMNIGROUP)
C
C LOCATE HOG (IN UNITS CF CM.) ANC SET U0
C SCALE I-EIGHT H AND P1. IF HCO IS LESS THAN'
C 7 K4. OR GREATER THAN iUO KM., NO CALCULATIONS
C WILL 13E MADE.
C

HOB=OURST(3 *1. ]E~r5
I F(HOB.LT.7.nE+)05.OP.HOe.C-E.1....OE+O5)3A,!%0.

*311. PpImr 5Al
PPINT 501

520 FORMAT(////,q.X,~w0 IS LESS T4AN 7 KM. OR GREATER THAN l.-
5;S1 PORMAT(f.X,*N0 GAMMA 00 NELTRON CALCLLATIOý'S WTLL "E MACE*I,/,

GO TO 3v
302 H=7#C279E+05

COI=3,ili5q27
RFWINO ii

C
C OETERMYNT THE MESH

CALL MESH(H,ST.MIN,STMAX,HC8,XiMINDEL~iNRORý, L,X3MINICELX7,
AX7HOP)

C LOCATE THE AIPCPACT IN THE MESH. IF NO
C AIRCRAFT ARE IN TME MESH AkrA, ALL AIRCRAFT
C ARE ASSUMED TO HAVE SLRVIVEDo NC FURTHED
C CALCULATIONS WILL nE VADE.

CALL LocArE(NUM3E-RACOosgaURSTt~x1'INgrELX1,NHCP,HgX?mIN,r-.
ALPOSNRET,ARRAY)
IF(MDETs.EO.C)3i3,3(L+

3.13 PFINT 5n2~
POINT 5-1

) ~512 FOPMAT(////,L4X9ALL AIPCRAFT APV OUTSIDE THE AREA OF A'
AUTOONS*)
rGO TO 3jJ)

C
C CALCULATE. THE GROUP ANO PCSITION TNOEPENDENT CONSTV~T-.
Cl
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* T4=T2/2,
T5=T4*'13
T6=~T2**l
T 7=2. *T 6
TB=29*T7

T~I=T3-/2,
T16=H**2

C START THE CALCULATION OF THE GR'JUC FLUENCES.
C

GPOUP=O2
4J-; GROUP=GROUF+i

PFWTMO itm
IF(GPOUP.GT.NGRCUP)GO TO 50

C
C CALCULATE THE GPOUP VIRGIN FLUEN'CE AND
C THE GPOUP SCURCF (S) PATRIXe

SCURCE=YIELO*SPEPT(GROUD)
*CALL VI"NSU6,IH~~XH2xlitirgUH~TOLI
AJELX3,DSIGSS, ERXSvIC~SGII~gRUIGOP

C SET JO TI;E SU2MATRICcS OIAUPPEF, ANfl LOWER
C IN PACKED FCRNI.
C
c FIRST CALCULATE DOSITION TNOEPENCErKT CCNS7ANYI3

T1=Ti6*SIGR/O
Ti5=i. /OELO
T17=T!6*T15/2.
Ti8=T!5**2
Tl9=Tlt8*Tl6
T,'C f- =2 T 19
T21=2**T2'
T22=Tli+T?,.

T1L+:1./4T2P

I X 7X'7MIN
0O 4 L J=INU=

aC CALCULATE THE HEIGHT CEPENCE1NT CCINSTANTS

71=EXP~x3)

Z5=T5/Zi
Z6=T7/Z4
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Z 7=T i /'13
Z8=T6/Z4

Z I1D3 T 41/

GO TO 4
3 Z14=TI3/ (Z3*72)

Z!-;Ti2/ (ZI*Z2)
ZIG=T12/ (Z3*7Z2)
Z19=Zi4+ZI5-ZIS~
Z17=Tl4i7 (Zi*Z2)

4 IF(X3.Gc,.X3SW)rGO TO i0.
Z18=Ti+Z6+Z7
X1:XiMIN

C CALCULATE. nIA9 LOWER9 AND UPPFR

00 14 I=1,NH'OR
X=Xi/75
G"=Zi8
IF(I.EO.1)GO TO 6
G1=-X

C=C+T7* (Xi*2)
9PAP=?8i.T56(X1**P)-79/Xi
IF(I.LQaNHCR)GO IC 5

B:Z8+T6* (X1**2) +Zg/ix
GO TO 7

5 B=O

GO TO 7
6 G1:O,,

G3=0*
G4=r,
BPAR~tL.

C=C+76
7 IF(J*E0.NuP*ANEY.L*E0*!)'rO TO~ 1.1

IF(JEO.1)GO Tr 8

IF(J.eO.-NUP) I 9q

9 A=Zi1+ZI'2-Zl13
GO TO 13

G"=P
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G4=no
Go TO Z.

It. A~n.

G2=09

G3=1.

-~ IF(IEI.1)G-C TO 12

ic 12 NIHPO Gd~~O TO 13

OIA(I,3)=-

LOWE:R(I,2) :A9AR
LOWER (1,3) =r2
UPPER (I,1D =G3

UPPER (1,3) =G4
14 XI=XI+OELX1

OFLRLOW=QELX1*H*72
GO TO 120

icc" IF(JsEQ.NUPqAtJO,LE~s.Gn TO 113
IF(J*.EO.NUP)GO TO 1III
A=21i+ZI2-Z13

It^ APA9=%.
GO TO 114

111 A=Gs
112 tABA0=Z11-Z±2+7t3

Go To 114
113 ABA'?77

114 Z±8=-iZ7+T2?

00 1ZE6 I=I,NN('R
C=Zi8
IF (Is E0. 1) O To 1, i2
eBAP=TI9- (T17/Y1)

GO TOHPr TC 13

GO TO 1,;3

132 C=C+TJ

q=T21
1)*1 IF(JeEQsNUP.ANC.L.E1C.1)l,1qJ5
1Cc4 C=C+Z19

OIA(I,2)=-C
DIA (Iý3)=q
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IF(X3.NEX!SW)GO TO 1*16
KA~i K
00 121K=9

* IF(I*NE~l)GO' TO 122
KCOL(I)=1
LOWER (14!)=:'A
GO TO 1P6

122 IF(KA*.EQ.'.OR.KA#;En,3)GO TO 106
K=Xi/0O1LRLCW

IFKK.EO.'JHi K

IF(KK*GT*NHO')<A:3
CHI=(Xi-N'QCELRLCW) )/nPLRLOW

GO TO (123vI?4ft24.)KA
123 LCWER(I,2)=CHI*A9lAP
124 KCOL(I)=KK

C CALCULATE THE W SUeMAYPIX
C
126. DO 15 T~iPNHOq

00 15 K1,jNHOR
15 W(KgIV=u*O

!rF(J.NL',1)GO TO IS
W (Iv1)=f1IA (172)
W (19 2)0:1O,(1,:3)
H (tHOPK1) =9T8(NH^R,1)
W(NHORqNHOR) =0IA (iHCR, 2)
K(2=0
00 17 I=2,Kl
00 16 K1,3.

16 W(IPK+K2)=CIA(IK)
17 K2=K2+1

GO TO 29
18 IF(X?-YSSW)999i3J,140
99 9O 19 I~iNHOR

19 W(NHOE0,I)=-L0WER (NPOR,±)*O(KlI )-LC1JEFU(NHOqq2vfri(NHo0RtT)

00 22 M--2,K1
DO 21 I=1,NHOR
SUM=P.
3O 20 K=1,1

20 SUM= UM+LOWcR(N1,<)*OQ<+K2,I)
2t W4(4,I)=-SUm4
22 K2rK2+1

GO TO 131
139 1(A=I

DO 13q M=1,Nw.O'?
IF(KA.E;Q92.0?.KA*Er'.3)GO TO 18C
KK=KCOL (M)
IF(KK.E0*NHOl)KA:2
IF(KK*GT .NHOR) KA=3
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10. ) 17cz I=IN~rCP
SUM=~

4 ~GO TO C133134,i35)KA
033 9(IM= LOWERAMgi)*Q(KKII )+LOWFP(m,2)*Q(KK4,il)

¼ GO TO 135
1?4 SUM= LOWER(Mji)*0(KKI)
135 W(?MI)=-3Uk

GO TO £31.

00 141 I=1,N'-'0R

131 W (I 1) 0 T A(1,2+*W i i)
-4(1 2) 0 1 A ( 1,3) + W i,?)
W(NHODKi):OIA CNHCP,1) +W(NHO'R,K1)
W(NHO?,NHOR):tCIA4(NHOR%2)+W *NHCRg,NHOP)
K2= V'
00 24 T=2,1(1
00 27 =Iw

23 4(I,,K+K2)=01A(I,K)44J(IgK+K2)
24 K2=K 2,1.

C CALCULATE W INVERSE
C
25 CALL t'ATRIX(1.ý,N14CRNHORCW,6Z,Z?)

C
C CALCUL4TT THE 0 SIAqMATPIX

TF(J.EO*NUP)GO TC 31i
IF(X7.oGE, X SW)f GGýO14

00 26 M=1,NHOD

26 0(MNHOR) =W(MKi)*UFPEP(K±f.,3l)+W (Pq,0~)UPPER(NHC~,2)
"0O 29 M~l,NH0Y'"

00 28 1:2,1K1
SUM:C.
0O 27 K1,q!

27 SUM=SUM+W(M,<+K2)*UPPE-R(K+I<2,4-K)
Q(MI) =<Ulm

28 1<2:12+1
?9 CONTINUE

G(r TO 144
14? 00 14.7 I1=1NnRR

00 147 L:±NHOR
143 0(IK) ;;A*W(I,1()

C
C STORE THE r0 SUFMATRIX ON CISK.

* C
144 WQITE (19) ((OCIK ),I=I,NHCP) 9K=4AIN-OR)

C
C CALCULATE THE G SUBMATRIX

31 IF(JNE.1I)rO TO 34
00 37 I=1,NHOP

SU'M=C.
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00 32 K=I,NHCP
32 SUM=SUM+W(1,K)*S(KJ)

33 G(I,J)=SU'A
GO TO 4,1

34. JM=J-i.

K2=0
0O 36 M=2f~<I

DO 35 K~i,3
15SUM: SUM+LO WE (M, K)*G ( K+K?,JM)

G(MJ) :SU'
'36 K2=K2+1

GO TO 155

00 154 M=1,NHOR
' ~IF(KA*E0.2*OR*KA*E0.3)(CO TO 131

KK=KCOL(M)

181. SUM=P,
GO TO (i52,153,i5'.)KA

152. SUMLOWR(M,1)*;(KKJM)+LOWER(M,2)*G(KK+1,JM)
GO TO" 154.

153 SUM=LOWER(M pi)*G(XKJM)
154. G(MJ)=SUM

GO TO i5S
156 00 157 M=I,NHflR
15? G(MvJ)=ARAR*G(MgJM')
t55 00 37 I=.',NHOR

-00 393 I=1,NH3R
SUM~fl.
00 38 K:1,NHOR

38 SUM=SUM+W(Ig0'*OIAiK,1)

40 Xj=3X5+n:ElX3

C CALCULATE FLUENCE AT EACH POINT IK MESH

J M NUP+ 1
00 48 J=1,NUF

IF(JJeNE.:NLP)GO To 4.2
00 41 I=I)NH~OP

41. FLU(I,JJ)=G(I,JJ)

GO TO 46
4.2 00 44 I1,1NHOR

SUM=[,
10 43 K:1,?NH0P

4ý SLMzSUM+I(I,( )*FLUCKJJ+1)51 ___ 44 FLU(IJJ)=SU"
D0 1,5 I=1,NHO)P
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45 FLUl(IJJ)=itCIJJ)-FLUl(IJJ)
C
C DEAD A 0 SU3?PATRIX FRCM DISK.
CI46 IF(J.E~oIjGCG TO L8

I '3ACKSPACEc 1.
IF(J.EO*2)GO TO 47
9ACKSPA&CE If

47 R'EAD (I-) ((CCIK )qI=1,NH0R)vK=INl-OR)
US CONTINJUE

C
C COMPUTS THE TCTAL GROUP FLUENCE.
C

CALL A0D(FLUNUPNHCRI
C
C PRINT THE DETAILED GRCUP OUTPUT IF DESIREE.o
C

IF'LOU.T*EO*O)GO TC 49
CALL OUT(NUPgt'HORX3M!NXiMINCELX3,CELXiHTDELR, X3SWSIGTGRCUP
A)

L49 GO TO 441

C CON4VERT THE MULTIGROUF FLUENCE TC A TOTAL
C FLUENCE OR DOSE CDEPENGING UPCh PCCE SPECIFIED.

50 C'ALL CONVFRT(NHCR,ý'UP,X"COENGrCUF,NtNELT,tJGAM)
C
C OE[TERMINE IF AIRCP4FT SURVIVE.
C

CALL CHECK(Ni->ýRNUP,9OOEVULPCS,NUf'eýRX3MINDELX3,X3ýSfr90ELR,
AX±IMNOELXIHARRAYLPURSTACPOS)

C
C DRAW PLOTS IF DEST'EO.
C

TF(LMbA0.F.r)'0O TO 51
CALL "?iP(Lh4P,NUPt-kY',POSHCCF, VULHCO0ELR, )iMIN, !ELxiX3SW,

AX31iIN,9DELX~,L ,AýAYN-JMr!EFH)
51. REWIND 9

PEWTNC 1"
RFWINC It

% RETURN

END
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Subroutine SELECT

This subroutine determines what weapon output spectrum

will be used. The user specifies the type of weapon and

-the source of the spectrum. He can load his own spectrum

or use one of t1 e unclassified default spectra stored in the

labeled common SPECTRA. This subroutine is called by

GAMNEUT

Subroutine SELECT Glossary:

GAMSO
NEUTSO A number that determines if the default

spectra or a user supplied spectra is to be
used

NGROUP The number of neutron plus gamma groups

NNEUT The number of neutron groups

j SPECFG The default fission gamma spectrum

SPECFN The default fission neutron spectrum

SPECTNG The default thermonuclear gamma spectrum

SPECTNN The default thermonuclear neutron spectrum

TYPE The weapon type
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SUBROUTTIF SE:LECT(SFECTNNEUTNGA~',NGROUP)
C
C THIS SUBROUTINE ITAOS IN THE WEAPCN TYPE,

c ~SOU'?CE OF WFACON SPECTRUM, ANC SPECTRUM
c ~~(GA:i;!A AND7 NEUTPOl'8 IF 'WPPL7E9 RY USER*

C WFAROM TYPE- (TY05)
C - A ONE VZ A PISSIQN WEAPON
C- A TWO IS A THERMONUCLEAR WEAPCN
c
C SOURCE OP WEACON (GAMSO FOR GAMVA~,
C NEUTSO FOR NEUTPO-S)
C - A ELANK (77:FO) INIJICATES Tf-E CEFAULT
C SPFCTRUtP WILL EE UcED
C - A ONE INDCICATES A USER SUPCLIEC
C SPECTRUM WTLL FE USED

C N I" F TH DEF-AULT SPECTRU11 IS NOT UScI:,
C THE NtJ9DEP OF GROUPS AND ENERGY FANCS MUST
C' AGREE WITH THAT SIJPPLI~rD AS INPLT FOR
C GROUD CROSS ScECTICNS AND CCSE CALCULATIONS*
C

OIMENFION SPECT(4L)
INTEGER GAIMSC, TYPE

o COMMON GAMSOTYP5,NEUTSOIM
COMMON4/SPCTRA/SPE-CTNN(Z22) SPECFN(22) ,SPECFGC18),SPECTNG(iS)
READ iTYP7,NEUTSCGAMSO

* C DETERMf-INE SOUPCE OF NEUTRCN SPECTRUM*.
C

IF(NEUTSOsEV1.i)GC TO 6
C

4C DETERMINE WEAPON TYPE*
C

IF(TY0 E.sE~o2)GO TO 4
C
C LOAD DEFAULT NEUTRON FISSION SPECTRUM.
C

On 3 I=192?..
3 SPFCT(I)=SPEfCFN(I)

GO TO 7
4 C

C LOAD OCFAULT NEVT'QCN TN SPECTCUto.
C
4 00 5 I=1,2?
5 SPECT(I)=SP-EfýTNN(I)

GO TO 7
C
C LOAL) USER SUPPLIED NELTRCN SCECTRLM
C
6 READ 1j),(SPECT(I),I=i.,NNEUT)

C
C DETERMINE SOLRCE IF GAMMA SPPCTPUtI.
C
7 IF (GA4SO.EQ:.i)rC TC 11
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C
C DETERMIINE WEAPON TYPE*
C

IF(TYPE*.-fl.2)GC TC 20
C
C LOAD DEFAULT GAMMA FISSICN SPECT5LP,
C

0C 21 T19,18
21 SPECT(22+I)=SoEC'FG(I)

GC TO 12
C
C LOAD DEFAULT GAMMA TN SPECTRUV*

2i 9nO 8 T=148
8 SFECTC22+I)=SFECTKG(I)

GO TO 12

c .LOAD USER SUPPLIED GAMMA SPECTRUM,

-~ i

i44NNU~
REDi'(PC~lq=vG0P

i~~ ~ FOMT(I4
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Subroutine MESH

This subroutine calculates the number of vertical

and horizontal mesh points and the spacing between mesh

points. The maximum number of horizontal mesh points used

is 40; however, the number can be changed. The card

IF(NlIOR.GT.40)NHOR=40

limits the number to 40. If any other number of mesh points

is desired, the user can change the two 40's to that number.

This number can not be greater than 60.

The maximum number of vertical mesh points is 70, but

this number can also be changed. The card

IF(M.GT.70)M=70

limits the number to 70. If any other number is desired,

the user can change the two 70's to that number. This

number can not be greater than 120.

If the number of mesh points are increased, the running

time will'also increase. At present, this option has not

been exercised, so no estimate of the increased running time

can be made.

Subroutine MESH Glossary:

1
XIMAX The maximum value of x

3'X3MAX The maximum value of x

3
X3TOTAL The total length of x

See the GAMNEUT glossary for the remaining terms.
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SUMRUTINE mrHHSM~SM~HBX0~DL1NO993Ig"L3

COMMON ZIjT1,KMQvNX!TOTALX1MAXX3t1AXTTT

C T4TS SUaRCUTIkE CILCULATES TFF NUFER OF
C VERTT!C8L BID. POR17 ONTPL 'IESH POINTS AHO TI-F
C SPACING 9ETW4EEN M=SH ;OINTS. IT ALSO
C DFTER47ES TtF mI'iI.9U' AND MAYIPUt' FOR rACI4
C COOR3INATE. £HECS ARE VA0E TO FPEVE;MT TI-E
C TOP OF TPE YESHF q-ING GREATER TI-At liri KM
C AND. THE 90TTCM1 CF TH4E MESH P-EING LESS
C TwEN OP EQUAL TO 5 KM. IN AnJOITTCN A MESH
C POI'JT IS NOT ALLOWED TO 3E ON THE FO%3

CX14IIN I'> THE MINIMUM Xl. COOROINATE.
C
C XIMAX IS THE MAXIMUM Xi. kCORCINATE.
c
C DcLXl IS THE X1 INTEOVAL*

C N"OR IS THE NUMPER OF MZSH POTNTS IN THE
C X1. OIRECTTONo

CI
C L IS 7ERO UNLESS THE TOP OF THE MESH IS
C iu' KM. Ir THE TOP OF THE MESH IS 10! KM
C L IS SET TO I*
C
C X!?MIN IS THE M INTPUM X3 CCOROINATEs
C
C X3MAX IS THE MAXIMUM X3 COCRDINATEo

C DELX3 IS THE X? INTERVAL.

C NUP IS THE NUMPER OF MESH POINTS IN TUE

C X3 OIPPECTICNo

C-

C XMINqXiMAXNPrc, AND OELXI AgE CALCULATEC
C FIRST* XiMAX IS ZCUIVALENT TO 10 MEAN
C FREE PATIHS CF THE GPOUP WITH THE LONGEST
C MEAN F'EE PATH.
C

T=H*STMIN
TT=H*STMAX

X14AX=13 ./T
NHOP:3#TT*X1MAX
IF (NH Ok.*G .'..) NH C R41
flELX1=Xi4AY/NlHOR

C
C NrXT YIhIN IS LCCATEO 1ý MEAN FFEE PATHS

* ; C DOWN1 FRM HOE* HnW:.VER, ' IS NCT ALLOWE'1
C TO I3E EOUAL TC Cý" LESS THEN 0 KM.
C

Z=HOn
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t)O 1 I=,1l)
J=T
Ti=H*LOG(i.+(EX0(Z/M/T))

IF(7.(IT~u)GO TO I
Z=Z+Ti
GO TO2

i CONTINiJE
2 X Z:AIIN = ALOG(Z

c NEXT, X34AX IS LICATEC 10 ?MEAM FREE PATHS
C UP F?PM W11,3 140dEVEPq Z IS NCT ALLOWEC
C TO SE IREATEP TI-EN 1,- Kvs IN A90)ITION,
C CH4;'CK IS MA2E P3 NIFIhIE EAN FREE

C FATH4 It, wHicH rAS Z IS SET IC 10' KM*
C IF 7 IS SET TO 1j^ KM, L IS SET IC 1.
C

L=Q
Z=HOR

5I=191.i
K=I
TI=FXP (Z/H)/T
IFCT1.LT,1.)'-50 TO 4

3 L=1I' Z1. dE+G7

4 Z=Z-WHALOG(1.-T1)
TF!.*GE.1..2E+L7)Go To 3

5 CONTIM!UE
6 X3MAX=ALOG (7/H)

C
C NEXT,, 9ELX3 AND NUD ARE CALCULATES. A
C CH4ECK IS MAOEE TC INSUPE THAT THE HC9 IS
C NOT ON A MESI- POINT.

J=J +K
M3.V,*J*ALCG(i.+(EXP(H-O2/H)/T))/ALOC(1.+(EXP(C9/Hi)/TT))

X 3 TOTAL = X3v~AX- X 2 MI

I ~X3HOE=ALOG (Hf)'/H)
T1=X3HUB3-XMThI

7 OELX3=X7T0TAL/M
Q=Ti/nELX7

TF((B-N4).NE.))GO TO 3
4=M-1
GO TO 7
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Subroutine LOCATE

S" This subroutine checks the aircraft positions against

the mesh area set up in subroutine MHESH. If all the air-

craft are outside the meshed area, NRET will remain zero and

cause subroutine GAINEUT to terminate fluence calculetions.

If at least-one aircraft is inside the meshed area, NRET is

set equal to one and fluence calculations will continue.

Subroutine LOCATE Glossary:

A The scale height of the atmosphere in kilo-
meters

SACPOS An array that stores aircraft positions in
X, Y, Z coordinates

ARRAY An array that specifies if the aircraft is

still live

BURST The coordinates if the weapon burst

DELX1 The x1 interval

DELX3 The x interval
H The scale height of the atmosphere in

centimeters

NHOR The number of horizontal mesh points

NRET A number that indicates if any aircraft are
ir the meshed area

NUMBER The number of starting aircraft

NUP The number of vertical mesh points

POS An array that stores the aircraft positions
in r,z coordinates

R The radial distance

1
Xl The value of x

XINHIN The minimum value of x
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X3MIN The minimum value of x3

ZMAX The altitude of the upper boundary of the
meshed area

Z"IN The altitude of the lower boundary of the
meshed area
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SUS0OUTINE LOCATE (NUM'E'RACPOS,8URSTXiMINDELXINHORHX!tIt.,OELX
A3,flUPqLPOSqN0cET, APRAY)

C THIS SUOROUTINE LOCATES THE AIRCRAFT-IN
C A RZ GECPFTRY WIT" RESPECT TO TQE ?URST*

CTHE AIcC'RFT POSITIONS ARE CHECk...C AGAINST THE
C OUTER 9OUN04RIES OF TIME !4CSH TO SFE IF ANY
C AIRCRAFT ART- WITHIN TIFE 'iESW CVE AN
C AIRCRAFT IS LCCATzn INSIDE THEr PESFEO AR.EA
c THIS SUE3"CUTINE TFRMINATES AN' CCNTROL
C RETURNS TO GAMNE'JT. IF ALL TWE AIRCRAFTitC ARE OUTSIO~n Th-E MESHEC AREA, KRET CEMftINS
C ZERO.I 'JIENSION ACPOS(3pi--),t3URST(T)IPCSC2,i0))

CCMOXHO Ap~,X1,Z'4INqZMAXtf~,I
A=H~i~jE-15
.4PET=t

IFCARPAY(T)oEt~e3)G0 T"' 1ý
0nSC2vD)=ACPO'ý(' I)
POS(1,I)=SORT(C(C'URST(i)-ACPCS(ltl))**2)+((F1URST(2)-ACFCS(2,I))**2

A))
19) CONTINUE

ZMIN=A*.rX(P X3MrN-I)ELX3)
9=-OELX3

* IF (L*NEe1) ri=0.
ZMA=A*E-XP(X39IIN+(tNUPIELX3)+0 )
X1=NHOR*")ELXI*A

IF(APRAYCI).oz.I'GO Tn' 11.

t3 IIPET~i
GO TO 21

12 R=X1#EXP( FCS(2,I)/A)

11 CONTI'4,UE
2? RcTUO'N

END
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Subroutine VIRGIN

ThIs subroutine has three functions. First, the group

virgin fluence is calculated at each point in the mesh.

--Second, a check is made to determine if the horizontal radius

exceeds 200 kilometers. If the radius is greater than 200

km at altitude x 3 , the value of x is stored in X3SW, and

the coordinate system is switched from the nonorthogonal

system to the orthogonal system. The third function is theI calculation of the S matrix for the matrix equation AF = S.

The virgin fluence is stored on a disk file for later use.

Subroutine VIRGIN Glossary:

D The diffusion coefficient

DELR" The actual radial spacing
1.

DELXM The x interval
3

DELX3 The x interval

DELZ The distance between two vertical mesh points

DELZSQ DELZ squared

F Group total fluence

GROUP A counter relating for what group the virgin
fluence is being calculated

RHOSQ The distance between the burst and a point,

squared

VIRG The group virgin fluence

XSECT The group cross sections

1
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SUPRUTIF lTPGIN(SC'JzCEcIHTL.,X3HCEX3MINX1MINNUPNH0RTO-LX1

AiDFLX3,19,z"SiSZi'EL¾OX3S-WSIGTRSICRSIGTGRCUlPNGROLO)
DIMENSION S('-- i2~,(i1
COMMOM T±,TaT3,X',J9T4,T5,T6,DELZCELZSO,199, iIRHOSCvlJIRG(ýuglZI
AOTIRAKTg,2XSECT (43),LjLLM
INTEGEP GOCLIP
EOUTVALENC=E (VI*GF)

C Te4IS SU6ROUTINE CALCULATES THE VIRGCIN
C FLUENCE AT EACH MrSH POINT AND STCRES THE
G PESULTIN! MATRIXY ON' TAPE* THE S flATRIX
C FOR THE IATRIX E')UATTCN AF=S IS CALCULATEr

C AND RETURNED TO THE MAIN PROGRAM*
C

M=N GROU P +3

SIGTR=XSECT( t)
SIGR,=XSECT (2)
SIGT=XSECT(37)
STGS=XSECT (4)

T=H*STGT
IF(SC'UorE~rl.E9.C.) 6,17

16 00 18 J~1,NUP
4 & 00 18 I11,NHCP

18 V.IRG(IJ)'1.
GO TO jq

17 K~i
T8=cOURrF/ (4,*PI)

T2=EXP (X3H CP)I X3=X3MIN
00 4 J=19MUP
T4=EXP(X3)
TF=EXP-(TL4)
T6=io/-T5
T9=T6-T3
DELZ=T4-T?

A IF(X3*G:e.X.SW)2,q

7 IF(K*E9.*2)G-O TO 2

X1=XIMIN
00 1 I~iqNwOD
1HOSOr3ELZSC+((Xi 4 T5) **2)
VIPG(1,J)=(TI/RHCSCQ)*zXPUIT*SQPT(rcHCSC)/1)ELZ)*Tg)

I XI=i:X+fEL.Xt
TF(GPQUP.NE*1)GO TO 4

RA=H*X1*T5
lF(RA*LT.2.ý=+q7)5O TO 4
9EL=R PA /N H R

X3 SW=X3
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GO -TO 4
2 0ELz=H~~n'%L

DELZSQ=OELZ**2
R A=0.
00 3 T~i9:4HOR
RHOSQOEL7SO+(PA**2)
VIPG(I,Jh-(T3/Rý,CSQP*EXP((T*SORT(;HCSC)/OELZ)*Tg)

3 'RA=RA+DELR'
4. X3=X74JELX?
1 9 Ti=(-T')*SIJS)/O

PEWTND li
00 5 J=1,NUP
frO 5 TigNHOR

5 S(IqJ).=Ti*VIRG(TqJ)
I:(GPOUPePo.1)G0 TO 2.
K=GP.OUP+4
J=GRZOUP-i

DO iýi T1,J

TF(XSFCT (') 9EO. J) 11,12
li P'EAD (li)j ~Go TO in,~
12 Ti=(-Tj*XSECT(I<))/D

READ (11) ((F(LLL),L=iNHOR),LL=1,IUP)
D0 13 LL1,NMUP
00 13 L~igNHOR

;13 S(LLL)hS(LLL)+11*F(LLL)
10 CONTINUE
2u RETURN

END
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Subroutine ADD

The function of this subroutine is to add the group

virgin fluence to the group scattered ffluence to produce

the group totai fluence. The group virgin fluence is read

from a disk file and the group total fluence is written, on

the same record of this disk file.

Subroutine ADD Glossary:

FLU At first, the group scattered fluence and
later, the group total fluence

NIIOR The number of horizontal mesh points

NUP The number of vertical mesh points

VIRG The group virgin fluence
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SUBROUiTINE AMOFLUtNUPNHC:ý)

C THIS S!JPOOUTTNE A30S THE VIRGIN ANtC
SC SCATTERED FLUENCE FOR EACH GROUF 'TO GIVE
C THE TOTAL GRCUP FLUENCe.
-c

tkCOMMON IJVP(.,2

00 1 J=1,9UP
1O 1*I=iNHOR

±FLU I,J) =FLU (1,J) +VIRG (IJ)

WRACFSQl) (fFLU(IqJ)qI=iHCR)jj±ijKP)

END
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Subroutine OUT

This subroutine prints a detailed output. A fluence

for every group is printed for every mesh point. This

-subroutine is called from GAMNEUT only i, LOUT is equal to

one. Since the output will be several hundred pages, the

use of this. subroutine is not recommended unless the user

wants to examine the group fluences.

Subroutine OUT Glossary:

A The scale height of the atmosphere in km.

DELR The actual radial mesh interval

DELXI The x mesh interval

3DELX3 The x mesh interval

FLU The group total fluence

GROUP The group number

R The actual radial distance
• x3

X3SW The value of x when the change in coordinate
systems occlr

Z The altitude

1
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SUBROUTINE OUT (NUPN~40RX3MINX1MINCELX3,0EL)11,HDELRX3-SNGFOI
COMMON FLU (6,l?r-),AX3,IJ,9,Z9,Yliý,(EC) ~~~J~~R

* ~INTEGER .GDOUP
* C

C THIS SU!rROUTINE DRINTS THE DETAILEC OUTPUT.
C A FLUENCE IS PRINTEC FOR EVERY tFESH POINT

IN EVERY GQ'OUP9

A=H*I. RE-' 5
XZ=Xo-MINf '3ACKFPACE 11.
RF~AD (it) ((FLU (IqJ),I~iNHCR),J=iNUPF)
PRINT 5jigGR3UP
00 6 J=1,NUP
q=EXP(X"3)
G=FXP(9)

IF(X3.GE.X3SW)GO TO 2
4 Xl=XiiMIN

'30 1 I=1,NHOR
R(T)=C*XI

1. Xi=X14.OELXI
GOTO 4

2 RA=C.,
* DO 3 I11,NHnR

3 RA=RA+OELR
4 K=

M= 8
00 5 I=1930
OPINT 5P1,?
PRINT 5.23,(P(JJ),JJ=KM)
PPINT 5?5,(FLU(JJJ),JJ=Kq4)

IF(KoGT*NHCR)GC TC 6
4=M+8
IF (M G T N HOR) M=N HCR

5 CONTTNUc
8 XZX3+0ELX!
5)n~ FORfAAT(///,3X,#THE GRCUP JS ,!74,//)
501 FORMAT(//3XH.IGHT IS *vi.9j K".*)
5n7 FCIRMAT(3X,#RADTUS (K'A) *,4Y,8P4.3)
5.,5 FCP4AT(3X,*GROUP FLUENrE#,1PAE14o4)

END
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Subroutine CONVERT

This subroutine converts the multigroup fluences to

the units specified by the MODE parameter. At the present

time MODE can have a value from one to eight. The meanings

of these values are described in the subroutine listing.

Subroutine CONVERT Glossary:

F The group total fluence

FLU The result of the conversion, either total
fluence or dose

MODE The units of FLU

SILGAM The multigroup gamma response functions for
silicon dose in rads.

SILNEUT The multigroup neutron response functions
for silicon dose in rads

TISGAM The multigroup gamma response functions for
tissue dose in rads

TISNEUT The multigroup neutron response functions
for tissue dose in rads
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SURROUTINE CONVEcRT(NrIORNUFMCCENGRCLFgtJNEUT ,NrAM)

C ~THIS 3Ue~nUTINE C3r4VEFTS THE PULLTIc-ROUF
C FLUEtNCE TO THE MOIE SFECIFIE0 IN THE

VC VULN=E'AqILITY*

C MODE=I TCTAL NEUTRON FLtJENCE (N/CM2)
C MODE=2, TOTAL CAutAA FLUENCE (G/Ct'2)

C cmoo.: 3 NEUTRON T!SSU;-- OOSE (RACS)
C lic!1E~f GAMPI TISSUE DOSS (qAOS)
C M00c=5 NEUTRON + GAMMA TISSUE CCISE (RAGS)
C 14CDo NEUTRON SILICCN CCSE (FACS)
C '40DE=7 GAMM'A SILICOK DOSE (PACS)
C MOOE-=' NEUTRON + GAMMA TISSUE CCSE (RADS)
C

DIMENSION '400E(2)
r.CMM1ON SILNE'JT(22JSILGAM(18,vTISNELT(22),TISC-AM(18),KF(6i,12fe

AGROttPtIJgFLU(6j,12'-) ,LIMIT
INTEGER GROUP
REWYIND 13

READ (9) (SILt.EUT(I),I=1,NNE7UT)

READ (9) CSILGAt'.(I),T1,NrfAm)
READ (9) (TI3NEUT(I),I=1,NNEUT)
READ (9) (TISGAM(I),I=1,NCGAM)
K=0ODE(I)

3 D0 4 Jti*NUP
00 4 I=1,NHOR

4 FLU(1,J)='*c
ta GO TO Clq2,8vl2p8,i~ti9qi5)K
i GROUP=i

3. LIMIT=N~rEUT
GO TO 5

2 r~oup=i
LIMIT=NG8II

5 IF(GPOUDoGTLI4IT)GP~ TO 7
READ (ii) C(F(IvJ)pI=I,NHCR),J=19NUF)
00 6 J~INUP
00 6 I=1,NI-OR

6 FLU(IJ)=FLU (IJ) +F(IJ)
GROUP=GROUP~I.
rO TO 5

7 WRITE (tnl)((FLU(IJ),I=i,NHOR),J=1,NUP)
GO TO' 5-"

LIMIT=N'I l UT
9 IF(GROIJP.GT.LBIIT)GO TO 11

00 30 J~i,NUP

.0 FLU(I,J) :TISNrUT(uPOUP)4F(IJ) +FLU(IJ)
GROUP=,-ThJUD+i
t;O TO 9

ii. IF(K.LO.1 )GO0 TO 7
12 "'poup=1
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.~ ~.LTMIT'=NrAM
f14 IF(GPOUPoGT*LIMTT)C0 TO 7

00 13 J=1,NUP
00 13 I11,NHOP

*13 FLU(IJ)=T1SG^AM(GROUP)*F(IJ),FLU(TJ)
GPOUP ~'U+

-~ GOTO t4
15 GPOUP=t

,.XLI"1IT=NNEtJT
16 IFCGROUP.GT*LIMIT)C-O TO 18

00 17 J=1,'4UP
00 17 I1,NHOR

17 FLU(IJ)=SILNE'JT(GROUP)*F(IJ)+FLU(TJ)
GROUP=GPOUP+i
GO TO 16

18 IF(K*EO.6)GC TC 7
19 GROIJP=I.

LItITT=f*GAM
2~1 IF(GROUPGT.L14!T)GC TO 7

READ (11) (CF(TJ),!:1,NHOR),pJiqffP)
00 21 J=1,NUP
00 21 I=1,NHOR

21 FLU(I,J)=SILIAM(GROUP) #F(IJ)+FLU(I,J)
GROUP=GROUP+i
GO TO 2n%

5C GO TO(51,60,51,60,609,i5,C.,63)K
51 I(=MODF(2)

GO TO03
69) REWIND Id

REWItin 11
RETUDN
END
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Subroutine CHECK

This subroutine places the aircraft in the meshed area

and calculates the neutron and gamma fluence of dose the

_aircraft experienced. This calculation is compared to the

aircraft vulnerability to determine if the aircraft survived.

Subroutine NOTICE is then called to give the printed output

concerning the aircraft.

Subroutine CHECK Glossary:

ACPOS The aircraft positions in X, Y, Z coordinates

BURST The burst coordinates

GLEVEL The gamma level (fluence or dose) experienced
by the aircraft

NLEVEL The neutron level (fluence or dose)
experienced by the aircraft

VUL The aircraft gamma and neutron vulnerability
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SU3ROUTINVE (HECK (KHC-KýI4UPMOý'%,VULFCSgNUU!3ER9X3MINDELx!,xX3Sh,
ADI, 1INBELPPIIVý-XI,'4, ~YL,9UPCST ACFCS)

C
C TH4IS SUeROUTIrNE LOCATES THF AIRCRAFT AND

C DETErR9!Tf'S IF GA'1PAS CR NEUTRCNE I-AVS
Cl KILLE*'- l"E AI;CRAF T

C
-i REAL ',ILEVEL

DI!1EtSIOi M¶ODE(?) VUL(2) POS(2,ith),EURS'(3),ACPoSC3,ir'O)

A~l'4AXVMAXl'.AX9R2.MAX,-4'PCO1NR19FN1,FN2,FG19FG29NLEVELG1EVEL,

-lWvWiqW3,!447Faj(6Jjq2G)
0EL=DELR4 I.ZEL-r-5

XlMAX=NHOR'DC7LXl

K=2

1: IF(K.EQI)GO TOI 1
READ) (1) ((FG(TJ),qI=1,I41CR),9J=11,NLP)

I ZMItI=X--MI,4-OELX3
ZMAX=(NUP#!JELX3)+7ZlIM~
IFC(L 9 O. 1.) ZMfiX=Zm AX+DELX3

2 IF(N.*,T*NU'9E0)G0 TO I Q

IF(APRAY(N)*FC*!)GO TO 9
* A=POS(-'gN)

ZA=ALOG (LI/S)
IF(ZA.GE*ZMAX*OR. ZAoLrZMIN) GO TC 8
NL= (ZA-7-IIN) /DELX23

13POs(iN)
Zi=ZVMI N+ (!,L* OEL X3)
Z2=Z1+OELX3
IF(Z1.-GcX3SW)GC O
RlMAX=S*X1%iAX~EXc (FXP (71))
IF(Z2.Gc..X!SWy)GO TO 4
R2MAX=S*X1?'lAX*4EXF(FXP (Z2))

~i.GO Tn5
3 R1I1AX=PMAX

4 92MAX=RMAX
5 IF(PimAX*Lc.90)FNi=0.

IF(0 2MAX.LE.3)GC TO 8
!F(F~l*.-*l~j*)rO TO F6
O=R1iPAX/NwU-R
NP=(P/O)+t

IF(FNl1.EI.')P-0 TO 6

W1:Ftl UJR+1,NL)
21 W=FN(0N4, NL)
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6 1=`R2M'AK/kHO0

IF(R1 .E'. 1KHOR) W44L.
IF(W41..:1O-')GO 7C 21
'44=FP ( .P 4 1# NH)

21 W43=FN(N~sJI)

NLEVFL=FKI+(Zti-Zi) (FNl...FNI) /nELX3
22 FCNLEVE-L-VJULul))27-v2eq22

f'0oTo,24
23 AP-RAY(N)=4
24. IFCARDftY(J)Eo.-02.ORsc.EO*i)GO TO 3

IF(FGioEAJ*)GO TO 7
IFCMI. Ef.. o);GO TO 25
W1=FG(NR'+1,NL)

2 5 W=FG(1J~,'IL)
F~i=W+ (('3- (MR0) )*(WI-W) /C)

k7 IF(W4.E9*..)GO TC 26
W4=FG(N~l+i,'*')

FG2=W3e( CB-(N0 ±-*1) )* (W4-W3) /O[))
GLEVEL=FG1* C(ZA-ZI)*( FG2-FG1) /CELX3)
IF (C-LEV=EL-VUL(2)l2S,?7j27

27 APRAfY(N.)=3
GO TO 8

28 ARRAY(N)=4
8 CALL tiTC-(A7 ,G=-EiLVILBR7VULNMCOEACCOSK)
9 N=N+1

W 1=1.
GO TO 2

I 3 RETURM~
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Subroutine NOTICE

* This subroutine is called by subroutine CHECK and its

only function is to print output detailing the neutron and

gamma levels experienced by the aircraft. The printout also

states if the aircraft survived the neutron and gamma levels.

Subroutine NOTICE Glossary:

( ACPOS The aircraft positions

BURST The burst coordinates

GLEVEL The gamma level experienced by the aircraft

MODE The units of GLEVEL and NLEVEL

NLEVEL The neutron level experienced by the aircraft

VUL The aircraft neutron and gamma vulnerability
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SU'9Q0UTINE "OITICE (AR AYGLEVE'LNLEVFLV,8URSTVCLN,!1ODE,4CPOI'q

r THIS SUBROUTINE WILL PRINT CUT THE RESULTS
c COF T-47 GAMMA AND NFUTRON FKVIROPENT ON THE
C AIRCRAFT, IF THE AIRCRAFT' HAS PEEN KILLEC
C IT AILL STATE ATIrRAFT KTLLE6 ANC GIVEIt C UqSr AN]) AIRCPAFT LOCATION, VULNý9A2ILITY
C LEVwEL, ANJD ACTUAL CAMMA OR NFUFC LEVEL.

C IF THE ATRCqAFT SURVIVES, PUT OTC FXPFRIENKCE
C SOME GAM'IA ANC NEUTRON L=VEL, THE PRINTOUT

c -WILL STATE TIFE AIRCRAFT SURVIVEC, GIVE
t C AIRCR~AFT AND MURST LOCATION, AN[ GIVE ACTIAL

C C4MMA OR NEUTRON LEVEL. TF T4E AIRCRAFT
C SURVIVED AN') WAS OUTSICE THE ý!ESH AREA

C(THATr IS, T4E AIRO';ýAFT Ott NOT EXFERIEMnE
C ANY GAMMA OR NEUTRCN LEVEL) , THE PRINTOUT
C WILL STATE TPE AIR'CRAFT SUPVIVEC, GIVE THE
C AIRCRAFT AND OUPST LOCATION, ANC STATE THAT

C ~THE EFFECTIVE GAMM'A AND NEUTRON LEVEL WAS
C ZERO.

r C

REAL IILEVIFL
INTEGER ARRAY(1,iO)
DIMENqION ?URST(3),pVUL(2),MOOE(2),ACPC-SSC3j,1)
COMMON I,M,L,J,KK
m~mofE(1)
L=MODE (2)
J =ARR A V N)
K K= 1
PRINT ±,N,(ACPOS(IN),I:2i,3)
GO TO (1,qi1,i2,i3)J

PRINT 3
GO TO 53

11 GO TO (IL4115)K
14* PRINT 5,(BLPST(I),I=i,3)
3? IF-(M.e.Qo8)GO TO 16

s.17 PRINT 69VUL(i),NLEVFL
GO TO 52

16 PRINT 7,VUL(1),NLEVEL
GO TO 50)

15 PRINT 4q(BURST(T),I~t,3)
3-. IF(MoE'.3)GO TO 17

IF(M.EO..3)GO TO 15
23 Pr'INT 8,VUL(1),NLEVEL

GO TO 5.)
;1.2 OPINT 51q(?UqST(I),I='1,3)

31 IF(L.EO.2)GO TO ±9
* IF(L.E'h4GrO TO 22

PRINT 6,VUL(2),9)LEVrL.
rO TO' 5~

.19 PPINT 9,VUL(2),GLEiEL
GO TO 5'

22 PPINT 7,VUL(ý>),GLEVFL
GO TO 51
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£ GO 1, TZv2l)K

GOI To 32

PRINT 53
GO TO 31

5) IFCJ.NE*4)1' ' TP 1-C
IF(KK9EJ.?l'C TO IL'

"Z1?JNT 54
GO TO 31
F. FC-AAT(//f/,3X,'AIRCRAFT NL"12ER *1149 LOCATEC AT#,FS.3,# KM., *,

2 FORMATC(4X,'*AIRCrcAFT S'JiRVIVED i;AMMAS ANC NEUTRCNS FRCM ?LRST Are,

3 FOPMAT(4X,4E=FEtCTTVE GAMMA AND NEUTFCN LcEVPL,WAS ZERO*)
4 FO0HAT(4Xp*KILLEO FY NEUTqGNS FPOM ELRST ATfF8.19* VVjq82t

A'4.,#,F8.3i* KM.*)
5 FORM1ATC4X, 4 KTLLE0 EY POMBINEC GAMMA + NEUTRON DOSE FRCM 9URST AT*~

A ACTUAL LEVEL WAS~q1PE.!o4q, PADS(SILICON 00SF)*) (ISEOS
7 FOPAT(4X9*VUL~JE-.SFIL,'TY LEVEL WAS~,1FEli.4,* PACS (TSILICO OCSE)v

A LEVEL WAS#,iOEtl.4i,* NEUTRON~~')IETONS/CM2, ATL
9 FCMAT4Xq*ULNP~vLITYLEVL WS~q1~ii4,*GAMMAS/CM2, ACTUAL

AEVEL WAS,1lPE7194q*, GAMMAS/Cm?.24)
51. FOQMAT(4X,*KILLcEC FY rPAIM4S FrCM OURST AT*9F8.31* KM., 4 ,F9., 4 KX4

52 FORMAT(4Xq*AI0CRAFT SURVIVED COMnrNEC GAMMA + NEUTPON OCSE FRCM 9
ARST ATqFe,3, KvqqA.j KM.,%jFf.3,* KMo*)

53 FOMT4qNET0J*
54 F0RMAT(4YqG1MAS*)
i., RETUPM

ENO'
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SubToutine MAP
This subroutine controls the plo't output. It calls

subroutine CONTOUR to calculate the isofluence or isodose

l--ines and subroutine SETUP to set up the plots. The actual

plotting of the lines is done in this subroutine.

This subroutine, as written, is designed for use on an

on-line plotter. With the addition of two cards, however,

this subroutine, and therefore the entire code, can be used

at the computer center where only an off-line plotter is

available. The two cards are:

CALL PLOTS(WORKA,1024,7)

CALL PLOTE

The first card should be the first instruction in this sub-

. routine and the second card should be the last instruction.

Using this option will require different control cards

since a magnetic tape is necessary. Therefore, the user

should check the local instructions before this option is

exercised. Also, the first card of the MAIN program must

be changed. The file called PLOT should be replaced with

a file called TAPE7. Tape 7 is then the magnetic tape

required for the off-line plotter.

Subroutine MAP Glossary:

ALT The height of the burst in km

DATA The isofluence or isodose data calculated by
CONTOUR. This array stores the r,z coordi-

• nates for the isofluence or isodose points
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SCALER The x axis scale factor for the plot routines

SCALEZ The y axis scale factor ffor the plot routines

W WORKA An array that is unused in this program. If
the program is converted for use on an off

2 line plotter, this array will be the work
area needed for the plot calculations
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SU9ROUT IN= "AP(t.HAP,9'PNHORFCSMOCEVULHO~pE~XMN0LI
AXSSWtX3MI,~,f'ELX3vL A5~qAVqhAC ,14)

C THIS SU~ORUTINE PLOTS THE GAMPA AND NEUTRCM
C EMVI~OOuENT* TH-E TYPE OF PLOT IS CETERI4INEn-

c PY .-90¶E A~ND L"AP9

DIM=NSIO'4 1-Or(2),VUL(2),FO5(2,liVt)
INJTEG-ER A:ýAY(1.j")

A!-FASSKKLI-ITJLCCU~1T, INP),ALTXY,8,N9,2ANSTOPNCCUNTHIC,9)
A:3p9PWFKA(l-124)

C DETERI;*E WHAT PLOTS WILL RE CONE.
C

-* REWIt$ý 11
ALT=H0Q~l. E-05
'IFASS~j
NFTOP=2?
K=MOOE .4 PA 55)
IFCKoEl.5.CRoK*E0.6)NST0P~i

&3 TT=X~mTN+(NUP*OELX3)
TF(L*E~o.)TT=TT-OzELX3
PA-S$NHOOCE-LXIErXP(C7XP(TT))
GO TO 1
RtDiNOO*')ELR~i.ejc-C5

2. IF(MP4SS.C-T.NSTCP)GO TO 15
K=MOOEP (NPASS)
M=L MAP
IFCLm'AP.,-:0.3)Mzi

C
C CONSTRU~CT CONTOUR CURVES FfROM PCINT VALUE VATA.
C

A =V UL (N AS 5)
KK= £

2 CALL CONT.2tAn(UKK,1KNUOPNUPASCELX7,CELXi, X1MINX3MINX3SWOELF
A ,NN 9ATA 9N 9F)

C SET UP THE PLOT.
* C

17ALL S'ETIJO (vKpOA--SCALER9SCALE!,WORKA)
1: HI=ALT*SCALE-Z

C ORiAW THF PLOT
C

LIMIT=2

LCOUI4T:
X=;. 8

CALL FY'A3 2 L'-( .2 9 u

CA.LL SY*1L6H -URST,%-.%Ei)
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3 LC0UthJT=LCGUNT,2
IFCLCCU%~T*GT.LI'4IT)GC TO 5
J=LCOUNT/2
-N O= M(J)

IF(N-PO.;0. 1) GC TO0 3
00 4 I=?q,-PC
C=0ATA(I,LClCUthT-1)*SCALEP
9 =0A TA ( IvLC CUIJ'T) * S CALE7:'

4 CALL SYM1OL(CO,).lJL..,q-i)
1 n, Y=Y+O?

B=OATA(I,LCCUNT-1)
IF(1.ME91)GO TO 12
99=ALOC-11(l)
N8=3 P
AP=IC
B=8/ (9B**"IO)
GO TO .1A

I? NN:N4N-i

11 CALL SYM3OL(XY,3.iJvZ.Lp-i)
IF(M*EO,.)tJGO TO 2
CALL NM:(+2~ 0 'L13,.,1
CALL ý'UMF!ER(999. ,YiO-5u.vN9jg1

GO TO 3

CALLSY"BIL (X+*7,Y qa,~ Zý1i
CALL tu3Rx.,9.,.,,.,1
CALL NME~99 99 j1~,.-

GO TO 3
5 IFCM.,EQ*2)rjC TO ?9

NCOUNT=:.
25 NCOUNT=NCOUM~T+t G O2

IF(APPAY(~jC4OUNT).ECeJ)qO TO 25
IF(PO':(1,NC^OUý'T),.G-T.2-)Gr TO 25
S= N CO UNI T + 54
C=POS(t.NCOUNT)*4SG.L:- !.L

28 CALL PLOTu129.,-2.,C-:ý)

F)IF(LMoPEo*2)79,

KK=2

10 TO 2
7 NPASS=NPASS+l

GO TO I
15 NCOUI! T =~
16~ NCGOUNT =NGO U1T ~+ I

TIF(NC 0UNrT.*Gr. NA )GO TO 5ý'
IFAPDY(NCCUNT) tC,4)ADPAy(NrCCUNT)=i
TF(A'PPAY(NC'.OUNT) .EO.*?.O'%.A -AY(NCCUt\T) .EO.3)4;AY(NCOL'JT)=,J,

126 ~



GNE/PH/72-8

GO TO 16
50 REWINn 1•'

RETURN
SNO

4127
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Subroutine CONTOUR

' This subroutine calculates points on isofluence or

isodose lines. The subroutine is constructed so that the

entire meshed area is scanned; however, if any points appear

that will be ou. of the range of the plot, this point will

not be stored.

Subroutine CONTOUR Glossary:

A The fluence or dose value for which the line
is being calculated

DATA The results of the mesh scan. This array
contains the r,z coordinates of the points

F The total fluence or dose

NPO The number of points defining an isofluence
or isodose line
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SU!3ROUTIN1 CCtTCUC(glZgH~n pLigEX90LIXM~XP
AXSwgr-LR.kt, r TA ~

DIMENSION 0AT1A(?C'n,6),N(P),F(60qi202

{ IC THIS SL~tCUTPTEE SCANS TPE PESi-Et AREA
C P-1,10D EINERMK ,POR AN~Y GIVEN VPLLF OF
C FLUENCE Cp rCSE ,WPERE TH'E VAlLUES EXIST IN
C TERMS CF cACTUS AND HEIGHT
C

IF(KK.NE.1)ro To I

I. GO TM~ (2,')m
? A=VUL

J=a
LIMTT=2
GO TC 8

3 LTmT.T=16
3=F(191)
00 4 I1,N9LP

4 9=AMAX1(9vF(I9I))

NN=NN~i
IFC%,LTOi.)695

6 NN=N'N-2
A=10#**N
J=O

7 A=A/IC
8 NP(1=i

J=J+2
IF(J*GT.LB'IT)6O TC 40
'(I=NUF-1.
DATA (NPCJ-1)=A

DC 9 TIItNHCP
00 10 J1=2,KI
IFCF(TIJ1).LT.5)qO TO 1f0
TF(F(lIqIJ-I.).GT*A)C- TO 11

X?=Y3MIN+ ('ELX:34 (Ji-?) ) +")L
GO TO 12

11 IF(F(TIIJ1.1)*GT*A)GO Tn In

t2 7=S*EXD(X 7 )
IF(YZ.,GE.X7'Z)rC TO 13
X1=YlMIN+ (CLXIA (11-1))
=S*Xi *c-XP (FXP (X)1)

r,0 TO JL4

14 IF(R.GT.2...X)rt^ Tc I
0 AT A (tPC, J-)
DATA (NP0,J'='ý
NPC=NPO+t
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IF(NPC*E0.!IM1)GC 10 21

CCNTIN*UE
KI=NPOP-i
DO i5 Jt=i,Nt.F

- X3=X3MIN.:%PELX3*cJl-±))
-~ C=DELXI

IF(X*GCX3GExSh)OC=CLR
?=S*CYP(xl)
Or iEr I=2,K1
IFCF( IJi).LT.5)GC 7C 16
IF(F(T-1,JH).CT.A)cSC TC 17
!3E1=0CA-F(I-1,Ji) )/(FCIgJ1)-F(I-1,Jl))
Xi=XiMTN+(rCI(T2)fltEL

17 IF(F(TtiJl~gGT*r)CC TC I.E

Xi=XimTN+ (C*(T-i) 7+C='L
20 TF(X3,Gc-,X3SW)rGC TO 19

R=S*Y1#EXP CEXP(X7))
G~O TO 19

18 0=X1#.o9E-')5
19 IFCR.GT.21'.)CC TC J6

DATA (NPO,J)=7
NFO=Nc J~i
IF(NProEre.3Cj)GC TO 21

IE CONTINE
tS CrT!PUE
21 J1=J/?

N (Ji)=NPO-1
GO TC 7

4nI RFTUPN
E NO
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Subroutine SETUP

This subroutine completely sets 'up the plot. The axes

are drawn and the correct axis labels are selected and

drawn. In addition, this subroutine selacts the plot title

based on what type of plot is to be drawn. The scale

factors required by MAP for plotting are also calculated.

H

:13
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StJOROUTINE SETUP (109 MOf)EvRAOSCA1.Erv p CALE7p W3RIA)
£ OV~IMENSION WORKAWA( 24)

COMMVON <MvqjqtttvqvV
COn'4orJ/TITLc-SIA C1I3) ,T(5922

C THIS SUPRCUTI!JE !3RANS AND LbP-ELS TIPF AXIS
C At!9 TITLES THE F~IGURE*b C
C
C FIRST LOCATE THE ORIGIN*
C

CALL PLOTC2*:,-7o.;,-3)
CALL PLOT(;*2,gi.5p-?)
CALL PLOT(6ojvO.1,2)
CALL PLOT(6..jg.45,2)
CALL PLOT(4..3,545,2)
CALL PLCT(O.O,11.0,2)

C
C SET LlI- THE FIC-UPE TITLES.
C

GO TO (1,2)M
1 GO TO13,4,5,5,6,5,5,6)4OD2E
7 'IM=17

0C T ") 9
4 1. mm=18

GO TO 9
5 MM~19

GO TO 9
6 HMm:2C

GO TO q
2 K=MOOE+8

GO TO (,?7,7,J,7,a'7,~9)M0cE
7 MtA=21

GO TO 9
8 4M=22

C
C SET UP THF AXIS LleELS9
C

O =6HH;IGHT
E=6HPAOIUS
O00=5H (KQ1)

C
C OETER INE THE PADIUS AND HEIGHT MAXIMUM
C COOROINATES, LET:ERMTNE THF RADIUS AN9
C HETrHT S'AL=E FtCTo)Rl.

IF(RA~oGT.5:o)G0 TO I'
N= 5

* L~i
GO TO 12

1u IF(0-AD*GT,.Iu'*)Gc TO il

L=2
GO TO t2
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L=3
12 '.CALEZ= So /I .

SCALEIR=5*/ 04*1-3.

*C 3PAW TH:- AYTS.
C

CALL PLUT(J~q,.lo2,-3)
CALL PLC7( JlveC%2)
CALL PLOT( 'its.),3
CALL PLCT (5*:gu.1,?)
CALL PL0T(39G,).),3)

C
C DRAW THE TIC MAPKS,

00 13 1=1911
CA'LL PLOT(1.,vY3)
CALL PLOT (-.'0e7,PY2)

13 Y:Y+O
0A=5*/1,1*

CALL PLOT(X0,93)
CALL PLOTCXV-G.3792)I14 X=X+OA

C
C NUMrIFP THE AXIS.
C

00 15 I=1, 11
CALL SYM90L (-o49,YqL.1, IA U9,2) ,9 o 93)

15 Y=Y+0

on 16 I1,ivl
CALL SY~1lOL(X-,-2,Col,1A (IL),%,93)

16 X:X+rOA

C LABý3:L THE AXIS.

CALL SYM30L(io75,-oL+, L-1,pEq~o 9E)
C>ALL YfO(9.,O*, i, ,.,5
CALL SYM2OL(-.5,2.25, ;.13,0,9*C.-.9)
CALL SYmJ0L (39g. 999q* , ?9D,9 ,t5)

C
C LAqEL THE FIGUPE*

CALL SY'0L eq-. ~v..3T(t L.-,46)
CALL

END
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SBLOCK DATA

This subroutine stores data into labeled common.

BLOCK DATA Glossary:

T An array that contains the titles to all the
plots that can be drawn by" subroutine MAP

IA An array containing three sets of coordinates
. for the plot axis

SPECFN The fission weapon neutron output spectrum

SPECFG The fission weapon gamma output spectrum

SPECTNN The thermonuclear weapon neutron output
spectrum

SPECTNG The thermonuclear weapon gamma output spectrum
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BLOCK DATA
CO9MOtI/S 0 E-CTRAISFECTNN(22),SP97CFN(22) ,SPE-CFG(18) ,SPECrNG(I8)
COMMON/TI11LES/!IA (1.13) ,T(F.22)

DATA (((q~Tl5)Jtlj/ý FTG. ,Vil- NEUTRCN ,
K ~U1CHFLUENCz VUI2JHL~!ERAEILIT,

,IJH FIG. ,1CH GAMMWA FEýHLUENCF V'JL11i1NEFAnILITY,
96H ,11H FIG. ,iC-HNEUTRON TTW1HSSUE LOSE ,±OIFVULNERA0 ILv
CV6HITV gj)i4 FIG. ,1-,H GA4t1A TIS910HSUz OCSE V9iOPULKERAFILI,
96HTY vim FIG. vir NEtiTPONtGH + GA~hA TqjehTSSUE OCSF,
E-61 ýIj FIG. ,1THNCUTPON -I,1CHLICON COSEqlaP YULNERAOT!,
F6HLITY 911H FIG* ,i~h GAMMA SILILHICGN LOSE ,±*FVULNr-OAFILv,;
G6HITY ,IJH4 FIG. pi~l1 NEUTRONIDH + G5I"MA S,1O'-ILICON C0SI,
H6H47 ,13H FIG. ,1CI- NEUTRCN IgICHSOFLUEINCE ,±31FTINES (N!/Cg!
T6HM2) 91JI4 FIG. ,12OH GAMMA 1S,1IGHOSLUENCE L9iOI1INES (G/Cv',1
J6H2) f
DATA ((T(IvJ),Ii,95),J=11?22)/1CH FIG. NiCHEUTRON TIS,

XICHSUE ISOOOS,1T-HE LIN1ES (R,
4. K6HADS) ,1JH FIG. ,iCIFGA'~'yA TISS,1uHUE ISCOOSE91DIP LINES (Qfl,

L6HOS) ,11H FIG. ,i.4- NEUTRCN 910H+ GAMPA TIviOHSSL.E ISCOC,
'46HSE 91jH FIG* N~irII4EITRON SIL, *C4IC'\I-V ISOCo,01'3SE LIKES (9ý
Y6PRArŽS) ,13H FIG. ,±rHGAMlMA SILI,lCHCON ISQOOCS,101E LTNES (Rq,
W6HADS) jI;JH FTC9 1,11-" NEUTRCN 41ltH GAI1ImA SIL,1Th-TCCN' ISCDC,ý
46HSE 9,JH L9iflIINE (N/CM2,1CH) EXPCIIENT,131-IAL AIR 9:
06H 9i0H L,1.LfINE (G/CM2,1CH) EXPCNENT,1CI;TAL AIR
P6H ,19H LgiC-I-NrE (RAOS),itjH EXPONFNTItiCIWAL AIR

05HqiH VULNFRA~',iCHILTTY LINE,1CH (RAO)S) EX,1ýIFPCNENTIAL
R6?PAIR ,1IW p1L.F EXPON910HENTIAL AIR,1OF fIS6fH ,13H LICYITNES (?AgSvlZH) EXPCNENT,±ThýI8L ATR 9

T6H/

DATA IA/lH ,3 H 591W- 1'u,3H 15,3H 2J3,:H 25931- 3L,93H ,!19? 4Cý,
A3h 4504H Fi,3H ,397H 1v',3H 23,3h 3093H 40,3H 5(93H 6Uj,7H 7...32P 80ý
83P~ 9C,3H1l,3Ht3H .19 :3H 419HeI~8,31~,H2,H43~

121,3*1.4951rt22, 2*4.22-E+22,2ý-'4.2325E+22,3.a75E+21,3*G.1/
C

DATA SPCCTNN/6o.J1l+22,2.176E-+a2,i. iý5E+22,1.2495E:+229
A2*i.475E+22,i.*14i67E+2292*7.825E+Z2,2#7.9147SE422,!. IC'5L+23,9

C
OATA SPE 'G/.o64Ei9..? ~i,9o53E2-4755E2 4759+

94*512E21±, *499E+2192*29Ai81+2i,2.7-2E+21,2*P, V

DATA SF ''N/6729~l9e5 ,~q~7E3+92*2.377k.E+2ý,

q2.6249F+2192*114i,FE+21,i.ý531E+2192*Oo.c/
FND
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k Appendix C

A Sea Level Air Cross Sections

The following pages contain the 40 group sea level air

cross sections used in the code. This page gives the

instructions on how to read these pages.

The data is listed in 40 columns, one for each group.

The first column is neutron group one, the second column is

neutron group two, and so on. Since the neutron and gamma

cross sections are coupled, the data can be regarded as one

40 group cross section set. Therefore, column 23, which is

gamma group one, can be considered as group 23. Each column

contains 43 values for group cross sections. The first

number is the group transport cross section, the second

number is the groun removal cross section, the third number

is the group total cross section, and the fourth number is

the in group scatter cross section. The remaining numbers

in the column are values for the group to group scatter cross

sections. So, the fifth number is scatter to that group G

from group G-1, the sixth number is scatter to that group G

from group G-2, and so on. All the cross sections are
=1

macroscopic with units of cm
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